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HETEROCYCLIC SIDE CHAIN CONTAINING 
MET ALLOPROTE ASE INHIBITORS 



CROSSJREFERENCE 

• -h, ««Hor Title 35 United States Code 119(e) from 
This application claims priority under Title is, u 

Provisional Application SerialNo. 60/191,303, filed March 21, 2000. 

T prTTNiTr.AT. FIELD 

«. invennon is dieted <o compounds »Mch are «M in tt e.dng dis^s — 
airecM ,0 pharmaceutical *• — "f * tLtoL 

RArgflRQUNP 

• «. J^TmPs include Mahix-MelaUo Protean <MMPs>; *nc t -* " 

October, 1995); and to enkeph.dma.es. Espies of MPs <* 

Potential &«P ^ ^ & ^ ^ 

See, for example, U.b. r atenis 3,^^ v QA/nfi214 
,„ • prr oublished applications: WO 96/06074 (British Bio Tech Ltd.). WO 96/00214 
following PCT published applicau (British B io Tech Ltd.), WO 

(Ciba Geigy), WO 95/35275 (British Bio Tech Ltd.), WO 95/352 /o i« 
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95/33731 (Hoffinan-LaRoche), WO 95/33709 (Hoffinan-LaRoche), WO 95/32944 (British Bio 
Tech Ltd.), WO 95/26989 (Merck), WO 9529892 (DuPont Merck), WO 95/24921 (Inst 
Opthaniology), WO 95/23790 (SmithKline Beecham), WO 95/22966 (Sanofi Winthrop), WO 
95/19965 (Glycomed), WO 95 19956 (British Bio Tech Ltd), WO 95/19957 (British Bio Tech 
5 Ltd.), WO 95/19961 (British Bio Tech Ltd.), WO 95/13289 (Chiroscience Ltd.), WO 95/12603 
(Syntex), WO 95/09633 (Florida State Univ.), WO 95/09620 (Florida State Univ.), WO 95/04033 
(Celltech), WO 94/25434 (Celltech), WO 94/25435 (Celltech); WO 93/14112 (Merck), WO 
94/0019 (Glaxo), WO 93/21942 (British Bio Tech Ltd.), WO 92/22523 (Res. Corp. Tech Inc.), 
WO 94/10990 (British Bio Tech Ltd.), WO 93/09090 (Yamanouchi); British patents GB 2282598 
10 (Merck) and GB 2268934 (British Bio Tech Ltd.); published European Patent Applications EP 
95/684240 (Hoffman LaRoche), EP 574758 (Hoffinan LaRoche) and EP 575844 (Hoffinan 
LaRoche); published Japanese applications JP 08053403 (Fujusowa Pharm. Co. Ltd.) and JP 
7304770 (Kanebo Ltd.); and Bird et al., J. Med. Chem.. vol. 37, pp. 1 58-69 (1 994). 

Examples of potential therapeutic uses of MP inhibitors include rheumatoid arthritis - 
15 Mullins, D. E., et al., Biochim. Biophvs. Acta. (1983) 695:117-214; osteoarthritis - Henderson, 
B., et al., Drugs of the Future (1990) 15:495-508; cancer - Yu, A. E. et al., Matrix 
Metalloproteinases - Novel Targets for Directed Cancer Therapy, Drugs & Aging, Vol. 11(3), p. 
229-244 (Sept. 1997), Chambers, A.F. and Matrisian, L.M., Review: Changing Views of the Role 
of Matrix Metalloproteinases in Metastasis; J. of the Nat'l Cancer Inst.. Vol. 89(17), p. 1260-1270 
20 (Sept 1997), Bramhall, S.R, The Matrix Metalloproteinases and Their Inhibitors in Pancreatic 
Cancer, Internat'l J. of Pancreatologv. Vol. 4, p. 1101-1109 (May 1998), Nemunaitis, J. et al., 
Combined Analysis of Studies of the Effects of the Matrix Metalloproteinase Inhibitor Marimastat 
on Serum Tumor Markers in Advanced Cancer: Selection of a Biologically Active and Tolerable 
Dose for Longer-term Studies, Clin. Cancer Res. , Vol 4, p. 1101-1109 (May 1998), and 
25 Rasmussen, H.S. and McCann, P.P, Matrix Metalloproteinase Inhibition as a Novel Anticancer 
Strategy: A Review with Special Focus on Batimastat and Marimastat, Pharmacol. Ther., Vol 
75(1), p. 69-75 (1997); the metastasis of tumor cells - ibid, Broadhurst, M. J., et al., European 
Patent Application 276,436 (published 1987), Reich, R., et al., Cancer Res M Vol. 48, p. 3307- 
3312 (1988); multiple sclerosis - Gijbels et al., J. Clin. Invest., vol. 94, p. 2177-2182 (1994); and 
30 various ulcerations or ulcerative conditions of tissue. For example, ulcerative conditions can 
result in the cornea as the result of alkali burns or as a result of infection by Pseudomonas 
aeruginosa, Acanthamoeba, Herpes simplex and vaccinia viruses. Other examples of conditions 
characterized by undesired metalloprotease activity include periodontal disease, epidermolysis 
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^ fever, — ■ - — * d - ^ ^ WO 

95/29890, publta*dNovember9. 1995). ^ 

to view of th. tavolvemen, of »eb mebuloproteases . ^ 

. — — "^>^«oH^^,U.,Pe te o.Ko. 

„ o-*, O* »-- Z£2 «* Petent No. 4,743,587, i^eo May 

4,771,038, tamed September 13, 1988 10 wolamn ™ bli8 hed December 29, 

10 , ,988 to D«- e, Europe- P- «-» £ ^£p£ 13 , 

,o ^r: ~ ~ — * «~ — " 1992 by 

associated with metalloprotease activity. 

— n P ^^^ 

whi ch are effective in treating conditions charactenzed byex o- according to Formula CO" 



A x(CH 2 )„° 
| 



wherein: 



(A) R'isselectedfrom-OHand-NHOa 
(q\ r? is selected from hydrogen, alkyi, alkenyl, alkynyl, 

having from 3 to 8 ring atoms of which 1 to 3 are heteroatoms; 
30 (D) n is from 0 to about 4; 



WO 01/70690 



PCT7US01/08783 



(E) E is selected from a covalent bond, C1-C4 .alkyl, -C(=0>, -C(=0)0, 

C(=0)N(R 3 )-, -SO2- and -C(=S)N(R 3 )-, where R 3 is selected from hydrogen, alkyl, 
alkenyl, alkynyi, heteroalkyl, haloalkyl, cycloalkyl, heterocycloalkyl, aryl, 
arylalkyl, heteroaryl and heteroarylalkyl; 

5 (F) X is selected from hydrogen, alkyl, alkenyl, alkynyi, heteroalkyl, haloalkyl, aryl, 

arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, heterocycloalkyl, -C(=0)R 4 , 
-C(=0)OR 4 , -C(=0)NR 4 R 4 ' and -SO2R 4 , where R 4 and R 4 ' are independently 
selected from hydrogen, alkyl, alkenyl, alkynyi, heteroalkyl, haloalkyl, cycloalkyl, 
heterocycloalkyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl; or X and R 3 join to 

10 form a substituted or unsubstituted, monocyclic heterocycloalkyl having from 3 to 

8 ring atoms of which 1 to 3 are heteroatoms; 
(G) G is selected from -S-, -O-, -N(R 5 )-, -C(R 5 )=C(R 5 >, -N=C(R> and -N=N-, 
where R 5 and R 5 ' each is independently selected from hydrogen, alkyl, alkenyl, 
alkynyi, heteroalkyl, aryl, heteroaryl, cycloalkyl and heterocycloalkyl; and 

15 (H) Z is selected from: 

( 1 ) cycloalkyl and heterocycloalkyl; 

(2) -L-CCR^OaR 7 where: 

(a) a is from 0 to about 4; 

(b) L is selected from -C=C-, -CH=CH-, -N=N-, -O-, -S- and -SO2-; 

20 (c) each R 6 and R 6 ' is independently selected from hydrogen, alkyl, 

alkenyl, alkynyi, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; and 
(d) R 7 is selected from hydrogen, aryl, heteroaryl, alkyl, alkenyl, alkynyi, 
heteroalkyl, haloalkyl, heterocycloalkyl and cycloalkyl; and, if L is - 

25 OC- or -CH=CH-, then R 7 may also be selected from -C(=0)NR 8 R 8 ' 

where (i) R 8 and R y are independently selected from hydrogen, alkyl, 
' alkenyl, alkynyi, haloalkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, or (ii) R 8 and R 8 *, together with the nitrogen atom to 
which they are bonded, join to form an optionally substituted 

30 heterocyclic ring containing from 5 to 8 ring atoms of which from 1 to 

3 are heteroatoms; 

(3) -NR^ 9 * where: 
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15 



20 



25 



30 



(a) R? and R' each is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, 
heteroalkyl and -CC=0)-Q-(CR 1(, R 1<r )t RU where: 

(i) b is from 0 to about 4; 

(ii) Q is selected from a covalent bond and -N(R 12 )-; and 

(iii) each R» and R" is independently selected from hydrogen, alkyl, . 
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; R 

and R» (i) each is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, 
cycloalkyl and heterocycloalkyl, or (ii) together with the atoms to 
which they are bonded, they join to form an optionally 
substituted heterocyclic ring containing from 5 to 8 ring atoms of 
which from 1 to 3 are heteroatoms; or R> and R«, together with 
the nitrogen atoms to which they are bonded, join to form an 
optionally substituted heterocyclic ring containing from 5 to 8 
ring atoms of which from 2 to 3 are heteroatoms; or 
ft) R' and R 9 ", together with the nitrogen atom to which they are bonded, 
join to form an optionally substituted heterocyclic ring containing from 
5 to 8 ring atoms of which from 1 to 3 are heteroatoms; and 

E'-M 

^L'^(CR 13r13 V A '- G \ where: 

(a) E'andMareindependenllyselectedfrom-CH-and-N-; 

ft L" is selected from -S-, -O-, -N(R»)-, -C(R W>> *C<*> ^ 
N=N . where R» and R 14 ' each is independently selected from 
hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl, 
cycloalkyl and heterocycloalkyl; 

(c) c is from 0 to about 4; 

(d) each R» and R" is independently selected from hydrogen, alky^ 
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; 

(e) A' is selected from acovalent bond, -O-, -SCV, -C(-0>, - 
C(=0)N(R»)-, -N(R l5 > and -N(R")C(=0>; where d is from 0 to 2 and 

5 



(4) 
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R 15 is selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl and haloalkyl;. and 
(f) G' is -(CR l6 R ,6 VR 17 where e is from 0 to about 4; each R 16 and R 16 ' is 
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, 
5 heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen, 

haloalkyl, hydroxy, alkoxy and aryloxy; and R 17 is selected from 
hydrogen, alkyl, alkenyl, alkynyl, halogen, heteroalkyl, haloalkyl, aryl, 
heteroaryl, cycloalkyl and heterocycloalkyl; or R 16 and R 17 , together 
with the atoms to which they are bonded, join to form an optionally 
10 substituted heterocyclic ring containing from 5 to 8 atoms of which 1 to 

3 are heteroatoms; or R 13 and R 17 , together with the atoms to which 
they are bonded, join to form an optionally substituted heterocyclic 
ring containing from 5 to 8 atoms of which 1 to 3 are heteroatoms; 

or an optical isomer, diastereomer or enantiomer for Formula (I), or a pharmaceuticalry- 
1 5 acceptable salt, or biohydrolyzable amide, ester, or imide thereof. 

This invention also includes optical isomers, diastereomers arid enantiomers of the 
formula above, and pharmaceuticaUy-acceptable salts, biohydrolyzable amides, esters, and imides 
thereof. 

The compounds of the present invention are useful for the treatment of diseases and 
20 conditions which are characterized by unwanted metalloprotease activity. Accordingly, the 
invention further provides pharmaceutical compositions comprising these compounds. The 
invention still further provides methods of treatment for metalloprotease-related maladies. 

DETAILED DESCRIPTION OF THE INVENTION 

L Terms and Definitions : 

25 The following is a list of definitions for terms used herein: 

"Acyr or "carbonyl" is a radical formed by removal of the hydroxy from a carboxylic 
acid (i.e., R-C(=0)-). Preferred acyl groups include (for example) acetyl, formyl, and propionyl. 

"Alkyl" is a saturated hydrocarbon chain having 1 to 15 carbon atoms, preferably 1 to 10, 
more preferably 1 to 4 carbon atoms. "Alkene" is a hydrocarbon chain having at least one 
30 (preferably only one) carbon-carbon double bond and haying 2 to 15 carbon atoms, preferably 2 
to 10, more preferably 2 to 4 carbon atoms. "Alkyne" is a hydrocarbon chain having at least one 
(preferably only one) carbon-carbon triple bond and having 2 to 15 carbon atoms, preferably 2 to 
10, more preferably 2 to 4 carbon atoms. Alkyl, alkene and alkyne chains (referred to collectively 
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15 



carboxy, aryi te.g., pu y >, Preferred hydrocarbon groups 

acylamino, keto, thioketo, cyano, or any combuiahon thereof. Preferred * 

, . i u v ;nv1 allvl butenyl, and exomethylenyi. 

include methyl, ethyl, propyl, isopropyl, bntyl, vmyl, 11yl,b y. 

Also as referred to hereto, a "lower" alkyl, alkene or allcyne mo.ety (e.g., 
,„„ t Tehl comprised o f 1 to «. preferably from 1 ,0 ear™ - the esse o f 

„ A1 u nYV « io an oxygen radical having a nyaruvaiu 

Alkoxy is an oxyg ^.^enyl). Preferred alkoxy groups 

hydrocarbon chain is an alkyl or alkenyl (i.e., -O-alkyi -u 

9 to 12 carbon atoms, in the ring. Bicychcaryir g Preferre d bicyclic aryl rings 

, wl and the other ring la ary, eyelo*. or ^m^ rinjmsy be 

compria. 5-, 6- or 7-membered nngs fbsed to 5-, 6-, mem ^ 
onsobsmnted orsobsrimted front 1 to 4 sobsnosenn o^ ~ Wodkyl , 

^ W o, cyano, nitro, ^ '^J^X, htlaryloxy, or 
phenyl, aryloxy.^oxy.he^otdkyloxy.ea^yl. l^o^ y ^ 

5 „y combination thereof. Prefened aryl rings ntelude naphthyl, « xylyl, 

m „st preferred aryl ring radical is phenyl. h , H n»ntfle -0*ryl). Preferred 

"Aryloxy" U an oxygen radical having an ssyl anbanment (t.e., O-tny ) 

^ylnxy X. <* — » ^ 

""iC-.sam^ornns^hy^ring. Cydoalkyl rings are no. 

carbon atom, p referre d bicyclic cycloalkyl rings comprise 4-, 5-, 6- 

from 7 to 12 carbon atoms, in the ring. Preterrea Dicycn , 
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or 7-membered rings fused to 5-, 6-, or 7-membered rings. Cycloalkyl rings may be 
unsubstituted or substituted with from 1 to 4 substituents on the ring. Cycloalkyl may be 
substituted with halo, cyano, alkyl, heteroalkyl, haloalkyl, phenyl, keto, hydroxy, carboxy, 
amino, acylamino, aryloxy, heteroaryloxy, or any combination thereof. Preferred cycloalkyl 
5 rings include cyclopropyl, cyclopentyl, and cyclohexyl. 

"Halo" or "halogen" is fluoro, chloro, bromo or iodo. Preferred halo are fluoro, chloro 
and bromo; more preferred typically are chloro and fluoro, especially fluoro. 

"Haloalkyl" is a straight, branched, or cyclic hydrocarbon substituted with one or more 
halo substituents. Preferred are C1-C12 haloalkyls; more preferred are Ci-Cg haloalkyls; still 
10 more preferred still are C1-C3 haloalkyls. Preferred halo substituents are fluoro and chloro. The 

most preferred haloalkyl is trifluoromethyl. 

"Heteroatqm" is a nitrogen, sulfur, or oxygen atom. Groups containing more than one 
heteroatom may contain different heteroatoms. 

"Heteroalkyl" is a saturated or unsaturated chain containing, carbon and at least one 

15 heteroatom, wherein no two heteroatoms are adjacent. Heteroalkyl chains contain from 2 to 15 
member atoms (carbon and heteroatoms) in the chain, preferably 2 to 10, more preferably 2 to 5. 
For example, alkoxy (i.e., -O-alkyl or -O-heteroalkyl) radicals are included in heteroalkyl. 
Heteroalkyl chains may be straight or branched. Preferred branched heteroalkyl have one or two 
branches, preferably one branch. Preferred heteroalkyl are saturated. Unsaturated heteroalkyl 

20 have one or more carbon-carbon double bonds and/or one or more carbon-carbon triple bonds. 
Preferred unsaturated heteroalkyls have one or two double bonds or one triple bond, more 
preferably one double bond. Heteroalkyl chains may be unsubstituted or substituted with from 1 
to 4 substituents. Preferred substituted heteroalkyl are mono-, di-, or tri-substituted. Heteroalkyl 
may be substituted with lower alkyl, haloalkyl, halo, hydroxy, aryloxy, heteroaryloxy, acyloxy, 

25 caiboxy, monocyclic aryl, heteroaryl, cycloalkyl, heterocycloalkyl, spirocycle, amino, acylamino, 
amido, keto, thioketo, cyano, or any combination thereof. 

"Heteroaryl" is an aromatic ring containing carbon atoms and from 1 to about 6 
heteroatoms in the ring. Heteroaryl rings are monocyclic or fused bicyclic ring systems. 
Monocyclic heteroaryl rings contain from about 5 to about 9 member atoms (carbon and 

30 heteroatoms), preferably 5 or 6 member atoms, in the ring. Bicyclic heteroaryl rings contain from 
8 to 17 member atoms, preferably 8 to 12 member atoms, in the ring. Bicyclic heteroaryl rings 
include ring systems wherein one ring is heteroaryl and the other ring is aryl, heteroaryl, 
cycloalkyl, or heterocycloalkyl. Preferred bicyclic heteroaryl ring systems comprise 5-, 6- or 
7-membered rings fused to 5-, 6-, or 7-membered rings. Heteroaryl rings may be unsubstituted 
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« sab^tta trift from 1 » 4 — »— - *■ ** H — * 

Z^, h W .oxy, or *ay ca.abiaa.iaa fc-eat MM »*-ry> -» -Cud, ba, - 
not limited to, the following: 



Furan Truopnene Pyrraia Pyrazate Imidazola Oxazoia iaazazaia 

H e O 

<& O N i N u ^ 

MM. Thiazaia 1AMW— I. 1**™— * 



H H 



,.2,3-TOadlazde ^Thiadiaz* Banzabiazoia ,,2.4-THazoia TaTazoia 

■0 o £r X* ^ 

, ^azr-a 1A^L- UW— 1,,3.4-~ 

. 0 „ Xrio _ irio 104 5-Tetrazine Dibenzoturan 
1,2.3.5-Oxatriazole 1 ,2.3-Triazine 1 ,2,4-Tnaz.ne 1 .2.4,5- letrazi 

o o o o o o5 

10 Pyadazi^ Pyrimidina Py^na W— W * 




,solndo.e Benzofuran Benzothiophene 1H-.ndazo.e Purine Qu.no.lne 

. co co co co 

H 

Benzimidazole Benzthlazole Benzoxazole Reridine 
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Isoquinoline Cinnoline Phthalazine Quinazoline Quinoxaline 1 ,8-Napthypyridine 




Acridine Phenazine 
"Heteroaryloxy" is an oxygen radical having a heteroaryl substituent (i.e., -O-heteroaryl). 
Preferred heteroaryloxy groups include (for example) pyridyloxy, furanyloxy, (thiophene)oxy, 
5 (oxazole)oxy, (thiazole)oxy, (isoxazole)oxy, pyrmidinyloxy, pyrazinyloxy, and 
benzothiazolyloxy. 

"Heterocycloalkyl" is a saturated or unsaturated ring containing caibon atoms and from 1 
to about 4 (preferably 1 to 3) heteroatoms in the ring. Heterocycloalkyl rings axe not aromatic. 
Heterocycloalkyl rings are monocyclic, or are fused, bridged, or spiro bicyclic ring systems. 

10 Monocyclic heterocycloalkyl rings contain from about 3 to about 9 member atoms (carbon and 
heteroatoms), preferably from 5 to 7 member atoms, in the ring. Bicyclic heterocycloalkyl rings 
contain from 7 to 17 member atoms, preferably 7 to 12 member atoms, in the ring. Bicyclic 
heterocycloalkyl rings contain from about 7 to about 17 ring atoms, preferably from 7 to 12 
ring atoms. Bicyclic heterocycloalkyl rings may be fused, spiro, or bridged ring systems. 

15 Preferred bicyclic heterocycloalkyl rings comprise 5-, 6- or 7-membered rings fused to 5-, 6- 
, or 7-membered rings. Heterocycloalkyl rings may be unsubstituted or substituted with from 1 
to 4 substituents on the ring. Heterocycloalkyl may be substituted with halo, cyano, hydroxy, 
caiboxy, keto, thipketo, amino, acylamino, acyl, amido, alkyl, heteroalkyl, haloalkyl, phenyl, 
alkoxy, aryloxy or any combination thereof. Preferred substituents on heterocycloalkyl include 

20 halo and haloalkyl. Preferred heterocycloalkyl rings include, but are not limited to, the following: 

H 

Oxirane Aziridine Oxetane Azetidine Tetrahydrofuran Pyrrolidine 3H-lndo!e 

Q 0 s Q o» c- 

1,3-Dioxolane 1 ,2-Dlthiolane 1 ,3-Dithiolane 4.5-Dihydroisoxazole 2,3-Dihydroisoxazole 
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A c!>o5oCCGCO 

H , ^ v ~ 9H Pvrrole Phenoxazine 4H-Quinolizine 
4,5-Dihydropyrazole Imidazoline IndoUne 2H-Pyrrole 

cV O 0 0 CO 

PyrazoUdine 2H-Pyran a^Dihydro-ZH-pyran Tetrahydropyran 2H-Chcomene 

cycoc") o o o 
c? a? oto Q 

H H o c 

co o o o y ^ 

Cep^al Pipeline Hexahyd.azepine 1 WW- 



H . H ^ H 




OCf° 0 V H V H ..... 

Thion-orphoKna U-ac» ThynnU,, Cos- Thiolatw 

o> o>0 0 & 

, DhH, a i 9 n 1 4-Oxathiane 1,4-Dithiane hexahydro-Pyridazme 
2,3-Dihydro-1H-isoindole Phthalan 1.4-uxauiian 





s' 4 *o 

1,2-Benzisothiazoline Benzylsultam 
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As used herein, "mammalian metalloprotease" refers to the proteases disclosed in the 
"Background" section of this application. The compounds of the present invention are preferably 
active against "mammalian metalloproteases", including any metal-containing (preferably zinc- 
containing) enzyme found in animal, preferably mammalian, sources capable of catalyzing the 
5 breakdown of collagen, gelatin or proteoglycan under suitable assay conditions. Appropriate 
assay conditions can be found, for example, in U.S. Patent No. 4,743,587, which references the 
procedure of Cawston, et al., Anal. Biochem. (1979) 99:340-345; use of a synthetic substrate is 
described by Weingarten, H., et al., Biochem. Biophv. Res. Comm. (1984) 139:1184-1187. See 
also Knight, C.G. et al., "A Novel Coumarin-Labelled Peptide for Sensitive Continuous Assays of 

10 the Matrix Metalloproteases", FEBS Letters, Vol. 296, pp. 263-266 (1992), Any standard method 
for analyzing the breakdown of these structural proteins can, of course, be used. The present 
compounds are more preferably active against metalloprotease enzymes that are zinc-containing 
proteases which are similar in structure to, for example, human stromelysin or skin fibroblast 
collagenase. The ability of candidate compounds to inhibit metalloprotease activity can, of 

15 course, be tested in the assays described above. Isolated metalloprotease enzymes can be used to 
confirm the inhibiting activity of the invention compounds, or crude extracts which contain the 
range of enzymes capable of tissue breakdown can be used. 

"Spirocycle" is an alkyl or heteroalkyl diradical substituent of alky! or heteroalkyl 
wherein said diradical substituent is attached geminally and wherein said diradical substituent 

20 forms a ring, said ring containing 4 to 8 member atoms (carbon or heteroatom), preferably 5 or 6 
member atoms. 

While alkyl, heteroalkyl, cycloalkyl, and heterocycloalkyl groups may be substituted with 
hydroxy, amino, and amido groups as stated above, the following are not envisioned in the 
invention: 

25 1 . Enols (OH attached to a carbon bearing a double bond). 

2. Amino groups attached to a carbon bearing a double bond (except for vinylogous 
amides). 

3. More than one hydroxy, amino, or amido attached to a single carbon (except where 
two nitrogen atoms are attached to a single carbon atom and all three atoms are 

30 member atoms within a heterocycloalkyl ring). 

4. Hydroxy, amino, or amido attached to a carbon that also has a heteroatom attached to 
it 

5. Hydroxy, amino, or amido attached to a carbon that also has a halogen attached to it. 

12 



PCT/US01/08783 

WO 01/70690 



10 



A .pb^accuticaUy-accepti*.. sa!t" is a clonic s... formed «, any acidic (e.g., 
bydroxsnuc ., carboxylie aeid) group, or an anionic sal. formed a. any basic 
sit Many sucb ...a are .mow, in me art, as described in Wor.d Paten. PuHmanon 
ZL,. JoLon a,., punished Sepremoer 1,. ,987 incorporated by reference berem 
L- canonic a..* inCude me aUmb - sabs (sucb aa sodium and p_) and 
Lin. eartb me.,, saba (snob as magnesimn and Ccium) and organic sab, Prefer^ 
Tonio sa.«s include me baHdes (snob as eMoride sa«s>, au.fon.ms, cboxyU.es, 

^tb'r^e,, understood by me sbiUed ar.au, and me stt„ed arisen is ab, m 
pmpsre any number of sabs given me xnow,edge in me «t *^^™^ 
J„. sbibed artisan may prefer one sa„ over anomer for reasons 
fM mu,a«io« ease and me Determination and optimization of such sabs « wubm me 
purview of the skilled artisan's practice. 

A ••Mobydrolyz.b.e amide" is an amide of . hydroxy* aord-eontinnmg ( . , R 

r: of me compound, or ... is m.. converted * ^--^ 

^Zmic »id of FormuU TO is repUceti by an «*y. moi«y, »d »y.oxy«udes, wbem me 

, bydmxy.bydaogenUrepWby^^lmoi^fl.e R-CC^ 

A -biobydrolyzable bydroxy inude' is «n mude of . byoroxam. 
n^o^eL. nbilr ma. does no. interfere wim me mem,,opro K sae mbib.ti.ry activrty 
^compound, or ma. i, re adi,y convert igyrya by - ^^^T^ 

mere prefer**, bum*, subject to yield 
. LbiLded.rtV^ves^mosewbemmn^bytog.nofmebydrox^o^dofFonmU.a) 

is replaced by an acyl moiety (i.e., R-C(=0». 

A •■Lbydro.yz.b.e ester- is » ester of . c^xylic Ml «*. * » 

Pormul, 0) is -OH, — — • — * - - "* 
uL» active of thee compound, or M is readUy converted by . — «« *-* - 
30 ^rmem mprlaseinbibUor. Snob es** brob.de .ower a*y. esmrs. .ower «y.oxy--xy 
aa acemxymemyb acemxyemy,, mlta oc^ony.oxymemy., pivaloyloxymefcy «* 

^xyemy. -* i-* — - »— * md i "It 

iCcyLyaHry. Cera (sucb as meuaoxyca.bony.oxymemyU Choxycrbonyloxyetby, and 
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isopropoxycarbonyloxyethyl esters), alkoxyaDcyl esters, choline esters and alkyl acylamino alkyl 
esters (such as acetamidomethyl esters). 

A "solvate" is a complex formed by the combination of a solute (e.g., a 
metalloprotease inhibitor) and a solvent (e.g., water). See J. Honig et al. t The Van Nostrand 
5 Chemist's Dictionary, p. 650 (1953). Pharmaceutically-acceptable solvents used according 
to this invention include those that do not interfere with the biological activity of the 
metalloprotease inhibitor (e.g., water, ethanol, acetic acid, N,N-dimethylformamide and 
others known or readily determined by the skilled artisan). 

The terms "optical isomer", "stereoisomer", and "diastereomer" have the standard art 
10 recognized meanings (see, e.g., Hawlev's Condensed Chemical Dictionary. 11th Ed.). The 
illustration of specific protected forms and other derivatives of the compounds of the instant 
invention is not intended to be limiting. The application of other useful protecting groups, 
salt forms, etc. is within the ability of the skilled artisan. 

II. Compounds: 

1 5 The subject invention involves compounds of Formula (I): 




where R l , R 2 , n, A, E, X, G and Z have the meanings described above. The following provides a 
description of particularly preferred moieties, but is not intended to limit the scope of the claims. 

R 1 is selected from -OH and -NHOH, preferably -OH. 
20 R 2 is selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, 

cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl and heteroarylalkyl; preferably hydrogen or alkyl, 
more preferably hydrogen. 

n is from 0 to about 4, preferably 0 or 1, more preferably 0. 

A is a substituted or unsubstituted, monocyclic heterocycloalkyl having from 3 to 8 ring 
25 atoms, of which 1 to 3 ring atoms are heteroatoms. Preferably, A will contain from 5 to 8 ring 
atoms, more preferably 6 or 8 ring atoms. A is preferably substituted or unsubstituted piperidine, 
tetrahydropyran, tetrahydrothiopyran, perhydroazocine or azetidine; more preferably piperidine, 
tetrahydropyran or tetrahydrothiopyran. Alternatively, A and R 2 can together form a substituted 
or unsubstituted, monocyclic heterocycloalkyl having from 3 to 8. ring atom of which 1 to 3 are 
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^ E is seieced ta . cvafc* taA C-C. ^ -a-O)- <*<*>> 
5 C(-0)-, -Ct-OXV. -Ct-OWfl- - -SQr. »» P-ef^* E is C,-C * -OC-OH -0(-0)O 

' M ^!L d 6 «n W *U * ^ 

****** «* <— * » d "** ^ " 

m um —A cycloalkyU W-**** C(C)R . OW». 

independence^ — * ^heuro*., 

^ «* — m, — - 

20 KM. b— ■* - '^'f . . N=C(R ^ md in . prefer 

G is selected from -S-, -0-, -N{R>)-. -C(R)-C(R ) , ri-M. 

■ . ^- <! o, cnj.VOR.')- EsobR^dR' isindependenayselecKdftomhydroge., 

25 Z is selected from cycloalkyl and heterocycloalkyl; -L«X*)*. *R 

E'— M 

\^ L .NcR 13 R 13 )c-A"-G\ Preferred is where Z is -H*Vi « 

E'-M 

^ L /^(CR 13 R 13 )c-A'-G' Most preferred is where Z is "* 

• me n Z is cycloalkyl or heterocycloalkyl, preferred is where Z is an optionally 
substituted piperidine or piperazine. 

When Z is -WCRW. ° * ° * — »»*-'* 0 or " 
C=C, -CH-CH-, -N-N-. -O-. * »" - SO =- P "' te ' red " "*~ L " -C^'- 0 "- 01 "' " " 
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O- or -S-; more preferred is -C^C-, -CH=CH- or -N=N-. Each R 6 and R 6 ' is independently 
selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; preferably each R* is hydrogen and 
each R e is independently hydrogen or lower alkyl. R 7 is selected from aryl, heteroaryl, alkyl, 
5 alkenyl, alkynyl, heteroalkyl, haloalkyl, heterocycloalkyl and cycloalkyl; preferably R 7 is aryl, 
heteroaryl, heterocycloalkyl or cycloalkyl. However, if L is -G^C- or -CH=CH-, then R 7 may 
also be selected from -C(=0)NR 8 R 8# where (i) R 8 and R 8 ' are independently selected from 

hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, or (ii) R 8 and R 8 ', together with the nitrogen atom to which they are bonded, join 

10 to form an optionally substituted heterocyclic ring containing from 5 to 8 (preferably 5 or 6) ring 
atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms. 

When Z is -NR^R 9 ', R 9 and R* each is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, and -C(=0)-Q- 
(CR ,0 R I0 ')6R U ; preferably R 9 and R y each is hydrogen, alkyl or aryl. When R 9 and/or B? is - 

15 C(=O)-Q-(CR 1(> R l0 ') 6 R !1 , b is from 0 to about A; b is preferably 0 or 1. Q is selected from a 
covalent bond and -N(R 12 )-; Q is preferably a covalent bond. Each R 10 and R l(y is independentiy 
selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; preferably each R 10 is hydrogen and 
each R IV is independently hydrogen or lower alkyl. R 11 and R 12 (i) each is independently selected 

20 from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, or (ii) together with the atoms to which they are bonded, they join to form an 
optionally substituted heterocyclic ring containing from 5 to 8 (preferably 5 or 6) ring atoms of 
which from 1 to 3 (preferably 1 or 2) are heteroatoms; preferably R 11 is alkyl, aryl, heteroaryl, 
cycloalkyl or heterocycloalkyl. Alternatively, R 9 and R 12 , together with the nitrogen atoms to 

25 which they are bonded, join to form an optionally substituted heterocyclic ring containing from 5 
to 8 ring atoms of which from 2 or 3 are heteroatoms. 

Alternatively, R 9 and R 9 ', together with the nitrogen atom to which they are bonded, join 
to form an optionally substituted heterocyclic ring containing from 5 to 8 (preferably 5 or 6) ring 
atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms. 

30 When Z is ^ L ' (CR 13 R 13 )c-A , -G i (referred to her ein as Formula (A)), E' and M are 

independently selected from -CH- and -N-; preferred is where E' is -CH and M is -CH. L' is 
selected from -S-, -O-, -N(R 14 )-, -C(R 14 )=C(R M >, -N=C(R 14 )- and -N=N- [preferably -N=C(R 14 )- 
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or CfR"X»">] R" and R" is independently selected from hydrogen, nlkyl. afcoyl, 

JTalxyl. cisfiomOm.bouM.pmfcmb.yOor.. BachR-andR" independently dec* 
I hylge, ^, att^ — W. — «* « 
. halogen, IMA and alxoxy; preferably each R . hydrogen and each R 

independently hydrogen or lower alkyL 

A' is selected from a covalentibond, -O-, -SO,, -Cf-OK -C(-0)N(R K 
N( R">, and ««« A' is -O-, -S-, SO,-, -CHW>, -W >■ - - 

more preferably A' is -0-. d is from 0 to 2. R» is selected f- 

haloalkyllR" is preferably lowetalkyl or aryl. 

Q. is -(CR'«R'VR". e is from 0 to about 4, ptefembly 0 or 1. Each R and R is 

mdependendy se,ecteti from hydrogen, elkyl, -A — «■* 

l^lmcyclo^l, hrdogen, M hydmxy, a*oxy and .yloxyi peeferably each 
n6 ^tlogen and each R" is hrdependendy hydrogen or lower allcyl. R is select *nm 

Vii»terocvcloalkyl' preferably R 17 is lower alkyl or aryl. Alternatively, R ana K , g 

• *. < <n 8 Preferably 5 or 6) atoms of which 1 to 3 (preferably 1 or 2) are 

form an optionaUy substituted heterocyclic ring contauung from 5 to 8 (preferably ) 
of which 1 to 3 (preferably 1 or 2) are heteroatoms. 

HI Compound. Preparation: 
' ^^^inyendoncanbepr^arednah^av^ofp—. ^The 

25 ^g mafcrfals used inpmpa** me compounds of the — am tnown, 

melhods or are commercially avaiiable. Particularly prcfened synfheses » descnbcd m the 
«ItL reaction schemes. (The R groups used to iUusfraf. ft. teaction schemes do no 
- to the respective R gronp, used - describe the vsnoua aspects of me 

Fomrul. I compounds. Thai is, for example, R' in Formula (I) does no. tepreaen, me same 
30 Specfticexamplesf.rn^ngm.compoundsofmepresen.fnventiona.ese, 

forth in Section VII, below. 
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In Scheme 1, the ketone Sla is a commercially available material. Upon reaction with 
phosphonate Sib it is converted to unsaturated ester Sic in a very good yield. Hydrogenolysis of 
this material under standard conditions provides aminoester Sid. At this stage substituent R 1 is 
5 introduced in the sulfonylation reaction to arrive at a convenient intermediate Sle. If necessary, a 
more elaborate R 1 substituent is introduced in the sequence of several synthetic steps. 

The Boc protective group of sulfonamide Sle can be removed under conditions well 
established in the art providing aminoester Slf. The ester group of this compound can be 
hydrolyzed under standard conditions to produce amino-acid Slg. At this stage the R 2 substituent 
1 0 of the piperazine nitrogen atom can be introduced under a variety of conditions. Thus, reactions of 
reductive amination, acylation, arylation, carbamoylation, sulfonylation and urea formation all 
result in good yields of the target carboxylic acid ester Slh. Standard hydrolysis of the ester 
functionality of Slh leads to the target carboxylic acid Sli. 

The methyl ester Slh serves as a convenient intermediate in the synthesis of hydroxamic 
1 5 acid Slj. Thus, treatment of Slh with a basic solution of hydroxylamine in methanol provides the 
corresponding hydroxamic acid in a single step. Alternatively, the carboxylic Sli can be 
transformed to hydroxamic acid through the two step transformation involving 1) coupling with 
an O-protected form of hydroxylamine, and 2) removal of the protective group. Protective groups 
well known in the art (e.g. benzyl, tert-butyl, tert-butyldimethylsilyl) can be used for this 
20 transformation. 
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* Scheme , the teten. O. » » — ^ TfjJl 
„ hi! «b it b co^ » onsatinated ester SZc in a v.* good yield. Ox.da.on of *= 

phosphonate S2b it is convene Hvdrogenolysis of this 

. v re - SI can also be accomplished to provide X - SO,. Hyorog y 
heteroatom X (X - S) can also oe r subsdtuont R is 

under standard condition, provides annnoester S2d. A. tin stiige 
intro doced in ft. an.fonv.anon reaodon to arrive a convenient intermedwte Sie^tf necessary, 
MM e 1 . t o KBR 'sub S d«ten.is toM dnoed ta n,e S e,nonceofseve ra . S y»*one S «ps. 

The methyl ester serves as a convenient intermediate in the syntoesi, of hydroxamtc 

hydremic acid in . single step. Alternatively, tire £££££ 
^rmed te by— ae.d dtrongb ft. « step tinnsformahon nrvolvnrg ««, ^ 



15 transformation. 
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In Scheme 3, the amino acid S3a is a commercially available material. Standard 
conditions can be used to convert S3a to the corresponding methyl ester S3b. At this stage 
substituent R 1 is introduced in the sulfonylation reaction to arrive at a convenient intermediate 
5 S3c. If necessary, a more elaborate R 1 substituent is introduced in the sequence of several 
synthetic steps. 

The Boc protective group of sulfonamide S3c can be removed under conditions well 
established in the art providing aminoester S3d. The ester group of this compound can be 
hydrolyzed under standard conditions to produce amino-acid S3e. At this stage the R 2 substituent 

10 of the piperazine nitrogen atom can be introduced under a variety of conditions. Thus, reactions of 
reductive amination, acylation, arylation, carbamoylation, sulfonylation and urea formation all 
result in good yields of the target carboxylic acid ester S3g. Standard hydrolysis of the ester 
functionality of S3g leads to the target carboxylic acid S3f. 

The methyl ester S3g serves as a convenient intermediate in the synthesis of hydroxamic 

15 acid S3h. Thus, treatment of S3g with a basic solution of hydroxylamine in methanol provides 
the corresponding hydroxamic acid in a single step. Alternatively, the carboxylic S3f can be 
transformed to the hydroxamic acid through the two step transformation involving 1) coupling 
with an O-protected form of hydroxylamine, and 2) removal of the protective group. Protective 
groups well known in the art (e.g. benzyl, tert-butyl, tert-butyldimethylsilyl) can be used for this 

20 transformation. 
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ft. steps may he varied to increase yield of deshed produea. The skilled a*- wd 
recognfce ft. judicious choice of reactants, solvents, -- * - TfT^ 
^suejfu, synthesis De^nationof optima, conditions, * is sounne. H- - *- 
^ can make a varies of compounds using the guinea of me schemes ahove. 

ft is cognized M die skilled artism. in <he art of organic cheunstzy can mridy 
^oard manipulates of organic compounds wimou. to**, direction; drat * « we 1 ™*n, 
T^o ^practice of the skilled artisan «o c*ry o»« such manipulations. These inc l* h 
^imite/to reduction of carbony. compounds u, d.eircOrtnsponding.lcohoU, oxsd^ons of 
1 Use, acylations. aromntic snhstitiations, hod, electiophitic and nucleoli, 
ril", caseation and saponification .nd the Use. Basics of these 
ricusseti n smndard texts such as March, M^iS^O^ <** - 

The skilled artisan will also readdy appreciate dud certain reactions are ^ «"f ° 
^ anndae, polendally reactive hi— on tite motecu ,e U ^ — ^ 
avoiding any undesirable side reactions and/or increasing ft. yreld of ft, reaction OS 

wTartil utilizes promoting groups to accomplish such incre^ed yrclds or to avord dr. 
skilled artisan uobzes protec 15 r ^ 

ondesired reactions. These reactions are found m the hteratere and ar T 
of te skilled artisen. Eagles of mmty of these manipulations can he found 
Lena MsatogJJl^^ « — ■ *"* "* " ^ 

, nZl^^nan^^ 

The compounds of the motion may have one or mora ehual center As a result 
„ seJLl, .Lpare one optic* isomer, including diestereomer and enanhomer. over another, 
™ y IL sterting maxima, catelyste or solvemz, or may prepare hotir stemorsome. 
':ZtZ -era, hiding dies™ and cnantiomers , once (a 
. Shrce dae compounds of dre invention may exM as mcennc mlatiarea, — 

including di^reomer* and enantiomers. or isomers may he sepamted using kno 
methods such as chiaal salts, chiral cbaomatography and the like. 

* addition, i. is recogmzed ma, one optics! isomer, including dte~ - 
enentiol, o, steteoisonte, may have mvomhle properties over the other. Thus when « 
,0 IToZmg dre invention, when one mcemic mixtete is disclosed, i. is c,eaa ly contempUted M 
CltpZ isomers, including diastereomers and cnantiomers, or stereoisomers snhstnnhally ftee 
of the other are disclosed and claimed as well. 
IV. Mftthnds of use: 
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Metalloproteases (MPs) found in the body operate, in part, by breaking down the 
extracellular matrix, which comprises extracellular proteins and glycoproteins. Inhibitors of 
metalloproteases are useful in treating diseases caused, at least in part, by the breakdown of such 
proteins and glycoproteins. These proteins and glycoproteins play an important role in 
5 maintaining the size, shape, structure and stability of tissue in the body. Thus, MPs are intimately 
involved in tissue remodeling. 

As a result of this activity, MPs have been said to be active in many disorders involving 
either the: (1) breakdown of tissues including opthalmic diseases; degenerative diseases, such as 
arthritis, multiple sclerosis and the like; and metastasis or mobility of tissues in the body; or (2) 
10 remodeling of tissues including cardiac disease, fibrotic disease, scarring, benign hyperplasia, and 
the like. 

The compounds of the present invention prevent or treat disorders, diseases and/or 
unwanted conditions which are characterized by unwanted or elevated activity by MPs. For 
example, the compounds can be used to inhibit MPs which: 
15 1. destroy structural proteins (i.e. the proteins that maintain tissue stability and structure); 

2. interfere in inter/intraceDular signaling, including those implicated in cytokine up- 
regulation, and/or cytokine processing and/or inflammation, tissue degradation and other 
maladies [Mohler KM, et al, Nature 370 (1994) 218-220, Gearing AJH, et al, Nature 370 
(1994) 555-557 McGeehan GM, et al, Nature 370 (1994) 558-561]; and 
20 3. facilitate processes which are undesired in the subject being treated, for example, the 
processes of sperm maturation, egg fertilization and the like. 

As used herein, an "MP related disorder" or "MP related disease" is one that involves 
unwanted or elevated MP activity in the biological manifestation of the disease or disorder; in the 
biological cascade leading to the disorder; or as a symptom of the disorder. This "involvement" 
25 of the MP includes: 

1. The unwanted or elevated MP activity as a "cause" of the disorder or biological 
manifestation, .whether the activity is elevated genetically, by infection, by autoimmunity, 
trauma, biomechanical causes, lifestyle [e.g. obesity] or by some other cause; 

2. The MP as part of the observable manifestation of the disease or disorder. That is, the 
30 disease or disorder is measurable in terms of the increased MP activity. From a clinical 

standpoint, unwanted or elevated MP levels indicate the disease, however, MPs need not 
be the "hallmark" of the disease or disorder; or 
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, The unwsnted or elevated MP » P* **■ *— W « "f T 

resulte or relates to Hie disease or disorder. In fti. respeC Inhibidon of «he MP achvny 
intenupts the cascade, and thus controls the disesse. 

The tern, "«-W is nsed herein «o mean ft*, a, a minimum, adminishndon of. 
compound of the present invention mitigates a disease associated win. unwanted or elevated MP 
X in a manUn subje* prefembly in human,. Thus, me term W urchrde. 

Us - MP-mediated disease ftom oecnrring in a mamma,, pardonMy when the 
LTr^poaed to acnirmg the disesse, ho, has no, ye, been diagnosed widt me *-«<«~ 
I MP-ntedia^ddiseaaei and/or alleviator revving ft. MP-ntediated dtsease. .n^asflte 
ZZs of me presen, mvenhon are directed «o prevenflng disease am.es 
unwanted MP « « <s undersmod ft**, term >ev=nf does no, rennne ft* fte 
_ he completely ftwarted. (Sen Webster's Ninth Collegiate Denary.) Raftes, as .m* 

M^el, B.W. * DS. Howe,,. V.M. Ooidherg and rU. > ^ 

O J A common risk fccter ma, increases me incidence of OA is — mjmy of fte lomt 

c — - * — — - r t:: 

deteetebl. OA and this risk increases with toe. Roos, He.nl. & ~ °™ 
Meuise«omy. Prevslence of Rsdiogmphio Changes After Twenry-one Years, Onupamd naft 
Memseorany. tnjm- Roos H et al. "Osteoaifcntia of the 

Matched Conteols." Arthritis Rheum., Vol. 41, pp 687-693, Roos, He 
; Le After Injury . ft. Anterior OucUte Ligament or Meniscus: The Influence of Tune and 
^Lllids Cartilage., Vol. 3, PP 26,-26, (1995, Tnns, mi. patient 
JLw a=d eonld ,eccive eftminisuution of . compound of me 
prog.ssionofftedisease. Thus, progression of OA in such individiwls would be prevented 

InnUgeoualy, m«ny MPs are no. distributed evenly ftroughou, m. body. Thus, ft. 
. di.nibudonofMP.e^m^n^^oft^^.mfl-^ P™£ 
* e dishibutio. of metefloprote^ implicated in ft. brerfedown of tissues m fteprnte . no, ft. 
^ as ft. dirtribution of metefloprotea.ee tad in ofter tissues. Thong! .no, — 
scflviry or efficacy, certain disorder, and untied condition. p« 

wift compounds ft., ac on specific MPs found in fte affected dssnes or regtons of the hedy. For 
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example, a compound which displays a higher degree of affinity and inhibition for an MP found 
in the joints (e.g. chondrocytes) would be preferred for treatment of a disease, disorder, or 
unwanted condition found there than other compounds which are less specific. 

In addition, certain inhibitors are more bioavailable to certain tissues than others. 
5 Choosing an MP inhibitor which is more bioavailable to a certain tissue and which acts on the 
specific MPs found in that tissue, provides for specific treatment of the disease, disorder, or 
unwanted condition. For example, compounds of this invention vary in their ability to penetrate 
into the central nervous system. Thus, compounds may be selected to produce effects mediated 
through MPs found specifically outside the central nervous system. 

10 Determination of the specificity of an inhibitor of a specific MP is within the skill of the 

artisan in that field. Appropriate assay conditions can be found in the literature. Specifically, 
assays are known for stromelysin and collagenase. For example, U.S. Pat No. 4,743,587 
references the procedure of Cawston, et al., Anal Biochem H979) 99:340-345. See also, Knight, 
C.G. et al., "A Novel Coumarin-Labelled Peptide for Sensitive Continuous Assays of the Matrix 

15 Metalloproteases", FEBS Letters. Vol. 296, pp. 263-266 (1992). The use of a synthetic substrate 
in an assay is described by Weingarten, H., et al., Biochem Biophv Res Comm (1984) 139:1 184- 
1187. Any standard method for analyzing the breakdown of structural proteins by MPs can, of 
course, .be used. The ability of compounds of the invention to inhibit metalloprotease activity 
can, of course, be tested in the assays found in the literature, or variations thereof. Isolated 

20 metalloprotease enzymes can be used to confirm the inhibiting activity of the invention 
compounds, or crude extracts which contain the range of enzymes capable of tissue breakdown 
can be used. 

The compounds of this invention are also useful for prophylactic or acute treatment They 
are administered in any way the skilled artisan in the fields of medicine or pharmacology would 
25 desire. It is immediately apparent to the skilled artisan that preferred routes of administration will 
depend upon the disease state being treated and the dosage form chosen. Preferred routes for 
systemic administration include administration perorally or parenteral!/. 

However, the skilled artisan will readily appreciate the advantage of administering the 
MP inhibitor directly to the affected area for many diseases, disorders, or unwanted conditions. 
30 For example, it may be advantageous to administer MP inhibitors directly to the area of the 
disease, disorder, or unwanted condition such as in the area affected by surgical trauma (e. g., 
angioplasty), scarring, burning (e.g., topical to the skin), or for opthalmic and periodontal 
indications. 
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Because to removing of bone involves MP,, the compounds of to invention -useful 
u ■ „™„ It is known in lie art tot over time prostheses loosen, 
in preventing prosthesis loosenmg. It is known in in (Th » 
JLe painfUl, and may result in further bone htjuty. dms demanding replaeentent The need for 
„^2.n, of sueh prostoses includes tose sneh as in, join, repUeent^ C* 
kTee and shon>der replacements), dented prosmesis, ineluding dentures, bndges and prosthesrs 
seemed^toma^naandlotmandiMe — ^ 

MPs are also active in remodeling oi mo <^ 
restive heart fcflure). It has been suggested ma. one of me reasons angioplas* has a ^ 
„» espeote .ong ten failure rate (reCosure over time) is mat MP achvrty , no. desned or , 
man expeoiw © "iniurv" to the basement 

elevated in response to what may be recognized by the body as injury to 
elevated v activity in indications such as dilated 

^mhrane of the vessel. Thus regulation of MP activity mm 

r^ plv, eengeanve heart failure, athetoses, p,a,ue rupnrre, reperfrslon miury 
£Z Lnic obsmaenve pebnonmy disease, angdopfas* restenosis and aortre aneurysm ms y 
inereaselong.ennsnceessofa.yomerneam.entorm.ybestteamrentm.Belf. 

I L ease, MPs sr. implicate in me remodeling or of skrn. As a resuH.Jhe 

regmadon of MPs Improves — of skin oonoiHons ineluding but no. lumte 
rlir regulanon am. prevent and repair of uteamole. mdneed Stan dsmage. Sneh a ttesunen. 

" " L MP may be applied as a pre-e^re neaunen, .o preven, — ^ 
La/or dnrtng or afer expose fo preven. or mining pos.-esposure damage. >n ^drtmn, MPs 
^Zd in skin disorder and dise^s relate to abnormal <^«« 
h™Jal turnover whieh ineludes metaltoprotease activity, sueh as epidemolysis b»Uo«* 

Sng to convenes of "nortnaT mjnry .o to sain ine.uding scasnng or 

, ST for exam^e. following bnms. MP inhibition is a.,0 useful in 

^tosJmrp^ofso^g.^prtmm^ofnom^^.^me^m 

lhappiead.nsas.mmreartaebmen.and refrt^ry sot^ (whetorby 

h, addition, MPs me relate re disotdem invoWfng faegnUr temodelmg of otor tinsues, 
«* as hone, for e*amp.e, in oteelesosis atrd/or osteoporosis, or fot specific organ, such as m 
„ Lohvhosisandfibmdetengdis^se. Similarly in diseases such as multiple sclerosis, MPs may 
I tev"ved in to hregmas moving of b!ood brein batrtet and/or myeUn sheato of nervoue 
till Thus regulating MP ac«vi,y may be used as a steategy in treating, preventing, and 
controlling such diseases. 



25 



WO 01/70690 PCT/US01/08783 



MPs are also thought to be involved in many infections, including cytomegalovirus 
[CMV]; retinitis; HIV, and the resulting syndrome, AIDS. 

MPs may also be involved in extra vascularization where surrounding tissue needs to be 
broken down to allow new blood vessels such as in angiofibroma and hemangioma. 
5 Since MPs break down the extracellular matrix, it is contemplated that inhibitors of these 

enzymes can be used as birth control agents, for example in preventing ovulation, in preventing 
penetration of the sperm into and through the extracellular milieu of the ovum, implantation of the 
fertilized ovum and in preventing sperm maturation. 

In addition they are also contemplated to be useful in preventing or stopping premature 
1 0 labor and delivery. 

Since MPs are implicated in the inflammatory response and in the processing of 
cytokines, the compounds are also useful as antiinflammatories, for use in disease whore 
inflammation is prevalent including, inflammatory bowel disease, Crohn's disease, ulcerative 
colitis, pancreatitis, diverticulitis, asthma or related lung disease, rheumatoid arthritis, gout and 
1 5 Reiter*s Syndrome. 

Where autoimmunity is the cause of the disorder, the immune response often triggers MP 
and cytokine activity. Regulation of MPs in treating such autoimmune disorders is a useful 
treatment strategy. Thus MP inhibitors can be used for treating disorders including, lupus 
erythmatosis, ankylosing spondylitis, and autoimmune keratitis. Sometimes the side effects of 
20 autoimmune therapy result in exacerbation of other conditions mediated by MPs, here MP 
inhibitor therapy is effective as well, for example, in autoimmune-therapy-induced fibrosis. 

In addition, other fibrotic diseases lend themselves to this type of therapy, including 
pulmonary disease, bronchitis, emphysema, cystic fibrosis, acute respiratory distress syndrome 
(especially the acute phase response). 
25 Where MPs are implicated in the undesired breakdown of tissue by exogenous agents, 

these can be treated with MP inhibitors. For example, they are effective as rattle snake bite 
antidote, as anti-vessicants, in treating allergic inflammation, septicemia and shock. In addition, 
they are useful as antiparasitics (e.g., in malaria) and antiinfectives. For example, they are 
thought to be useful in treating or preventing viral infection, including infection which would 
30 result in herpes, "cold" (e.g., rhinoviral infection), meningitis, hepatitis, HIV infection and ADDS. 

MP inhibitors are also thought to be useful in treating Alzheimer's disease, amyotrophic 
lateral sclerosis (ALS), muscular dystrophy, complications resulting from or arising out of 
diabetes, especially those involving loss of tissue viability, coagulation, Graft vs. Host disease, 
leukemia, cachexia, anorexia, proteinuria, and perhaps regulation of hair growth. 
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For some diseases, conditions or disorder, MP inhibition is contemplated to be . 
prefer mefood of ««ment Such disc***, conditions or disorders indude, arthritis (mcludrng 
osteoarthritis and rheomatoid arthritis), eaneer (espeoially tire prevention or arrest . — 
p»* tmd metissttsis). ocular disorders (especituly cornea, olecranon, Udc of corneal heahn* 
5 Ldar degeneration, and prelum), and gum disease (especiaHy periodontia dtsetae, and 

^Compounds pref-d for. bn« no. M. «, foe treatment of arthritis (hiding 
o^rttis and rheumatoid arthritis) are .hose ootnponnds tha, are selective for tire matnx . 
metallopraleasesandfoedisintegrinmetalloproteases. 

Contends preferteo for, but no. limit*, to, foe tieatinent of cancer (eapeetaUy foe 
prevention or arr*. of tumor growth and metasasis) «. foos. compounds that pmferentiaUy 
inhibit gelatinases or type IV collagenases. 

Compounds prefer^ for, bn. no. limited to, foe — of ocnia, disonlera (espectaUy 
cornea, ulc-ation, lacn of corneal hewing, nracnlar degenemtion, and ^^\^Z 
,5 compounds that bmadjy inhibit mettHoproteas*. Preferably these cotnponnds are adnutnstemd 
topically, more preferably as a drop or geL 

Compels preferted for. bn, no. utnifcd to, foe tieatmen, of gum dtsease (especally 
periodonttl disease, and ging!vitis) axe .hose compounds foe, preferentiany inhibit coitogen^ 

V. Com positions: 

20 The compositions of the invention comprise: 

(a) asafeandeffectiveamountofacompoundoftheinventioniand 

(b) a pharmaceutically-acceptable carrier. 

As diseased above, numerous leasee are known to be medial by excess or nndestred 
n^iopro.eas. activHy. These inch.de tinner metostosis, osfooarthritis, rheumtaoid a*ntis, skrn 
2 5 inflammation, nlcemtions, particnlarly of the cornea, reaction to infection, penodontitis andfle 
Thus, foe compounds of foe invention are - in foerap, with regard* condmona 

involving this unwanted activity. 

The invention compounds can therefore be formulated into pharmaceutical composxtions 
for use in treatment or prophylaxis of these conditions. Standard pharmaceutical formulation 
30 techniques are used, such as those disclosed in ^m^^hm^^^ Mack 
Publishing Company, Easton, Pa., latest edition. 

A "safe and effective amount" of a Formula (I) compound is an amount that is 
effective, to inhibit metalloproteases at the site(s) of activity, in an animal, preferably a 
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mammal, more preferably a human subject, without undue adverse side effects (such as 
toxicity, irritation, or allergic response), commensurate with a reasonable benefit/risk ratio 
when used in the manner of this invention. The specific "safe and effective amount" will, 
obviously, vary with such factors as the particular condition being treated, the physical 
5 condition of the patient, the duration of treatment, the nature of concurrent therapy (if any), 
the specific dosage form to be used, the carrier employed, the solubility of the Formula (I) 
compound therein, and the dosage regimen desired for the composition. 

In addition to the subject compound, the compositions of the subject invention contain a 
pharmaceutically-acceptable carrier. The term "pharmaceutically-acceptable carrier", as used 

10 herein, means one or more compatible solid or liquid filler diluents or encapsulating substances 
which are suitable for administration to an animal, preferably a mammal, more preferably a 
human. The term "compatible", as used herein, means that the components of the composition are 
capable of being commingled with the subject compound, and with each other, in a manner such 
that there is no interaction which would substantially reduce the pharmaceutical efficacy of the 

1 5 composition under ordinary use situations. Pharmaceutically-acceptable carriers must, of course, 
be of sufficiently high purity and sufficiently low toxicity to render them suitable for 
administration to the animal, preferably a mammal, more preferably a human being treated. 

Some examples of substances which can serve as phannaceutically-acceptable carriers or 
components thereof are sugars,. such as lactose, glucose and sucrose; starches, such as corn starch 

20 and potato starch; cellulose and its derivatives, such as sodium carboxymethyl cellulose, ethyl 
cellulose, and methyl cellulose; powdered tragacanth; malt; gelatin; talc; solid lubricants, such as 
stearic acid and magnesium stearate; calcium sulfate; vegetable oils, such as peanut oil, 
cottonseed oil, sesame oil, olive oil, corn oil and oil of theobroma; polyols such as propylene 
glycol, glycerine, sorbitol, mannitol, and polyethylene glycol; alginic acid; emulsifiers, such as 

25 the Tweens®; wetting agents, such sodium lauryl sulfate; coloring agents; flavoring agents; 
tableting agents, stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic saline; and 
phosphate buffer solutions. 

The choice of a pharmaceutically-acceptable carrier to be used in conjunction with the 
subject compound is basically determined by the way the compound is to be administered. 

30 If the subject compound is to be injected, the preferred pharmaceutically-acceptable 

carrier is sterile, physiological saline, with blood-compatible suspending agent, the pH of which 
has been adjusted to about 7.4. 

In particular, pharmaceutically-acceptable carriers for systemic administration 
include sugars, starches, cellulose and its derivatives, malt, gelatin, talc, calcium sulfate, 
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- • •• .vnti-ri- o-Ts polyols alginic acid, phosphate buffer solutions, emulsifiers, 
vegetawe ...s, synfceac o.ls. poly. ■ » * .duuntotion 

isotonic saline, and pyrogen-free water, Frelerreo p^j-Mv the 

include propylene glycol, ethyl oleute, pyrrolidone, ethanol, and sesante o, . 
;lacendl.ly-accepuh,e carrier, in compositions for patera, admtntstiation, 
comprises .1 least abont 90% by weight of the total composite. 

The conditions of this invention are preferably provided in not. dosage form. As 
used herein, a "unit dosage fom,- is a composition of title mvention con.ain.ng an amonnl of 
TCI 0) compound thai is suable for administiation to an animal preferably. 

■ «„« These compoaitiona prefembly contain from about 5 mg (mtll.gnuns) to ahou 
ml more preUy from abou, 10 mg 1o abon, 500 mg, more preferably from abou, 

10 " ^oZ^r XT! « - . of forma,— 

"""" J*"! - encapsulating substances. Optional 
hv dro,rop.s, surface-active ageutt subst a»ti..ly interfere witi, 

CST^-tti » tXId. The amoun, of carrier employed In 

Crrr 10 (Banter * Ehodea, editors, .979,-, Li.beru.an e, a,., ******* 
Editi0 " Cs oral doaage forma con be uaed. including *,ch .olid fom, as 

^1 diain^ng agentir, coloring age.., flavoring ageu K , flow-inductng agen B and 
:H and/or .pensions reconstihrted from non-effervescent granules, and effervesce., 
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preparations reconstituted from effervescent granules, containing suitable solvents, preserva- 
tives, emulsifying agents, suspending agents, diluents, sweeteners, melting agents, coloring 
agents and flavoring agents. 

The pharmaceutically-acceptable carrier suitable for the preparation of unit dosage forms 
5 for peroral administration are well-known in the art. Tablets typically comprise conventional 
phannaceutically-compatible adjuvants as inert diluents, such as calcium carbonate, sodium 
carbonate, mannitol, lactose and cellulose; binders such as starch, gelatin and sucrose; 
disintegrants such as starch, alginic acid and croscarmelose; lubricants such as magnesium 
stearate, stearic acid and talc. Glidants such as silicon dioxide can be used to improve flow 

10 characteristics of the powder mixture. Coloring agents, such as the FD&C dyes, can be added for 
appearance. Sweeteners and flavoring agents, such as aspartame, saccharin, menthol, peppermint, 
and fruit flavors, are useful adjuvants for chewable tablets. Capsules typically comprise one or 
more solid diluents disclosed above. The selection of carrier components depends on secondary 
considerations like taste, cost, and shelf stability, which are not critical for the purposes of the 

1 5 subject invention, and can be readily made by a person skilled in the art 

Peroral compositions also include liquid solutions, emulsions, suspensions, and the like. 
The pharmaceutically-acceptable carriers suitable for preparation of such compositions are well 
known in the art. Typical components of carriers for syrups, elixirs, emulsions and suspensions 
include ethanol, glycerol, propylene glycol, polyethylene glycol, liquid sucrose, sorbitol and 

20 water. For a suspension, typical suspending agents include methyl cellulose, sodium 

carboxymethyl cellulose, Avicel" RC-591, tragacanth and sodium alginate; typical wetting agents 
include lecithin and polysorbate 80; and typical preservatives include methyl paraben and sodium 
benzoate. Peroral liquid compositions may also contain one or more components such as 
sweeteners, flavoring agents and colorants disclosed above. 
25 Such compositions may also be coated by conventional methods, typically with pH or 

time-dependent coatings, such that the subject compound is released in the gastrointestinal tract in 
the vicinity of the desired topical application, or at various times to extend the desired action. 
Such dosage forms typically include, but are not limited to, one or more of cellulose acetate 
phthalate, polyvinylacetate phthalate, hydroxypropyl methyl cellulose phthalate, ethyl cellulose, 

30 Eudragit" coatings, waxes and shellac. 

Compositions of the subject invention may optionally include other drug actives. 

Other compositions useful for attaining systemic dielivery of the subject compounds 
include sublingual, buccal and nasal dosage forms. Such compositions typically comprise one or 
more of soluble filler substances such as sucrose, sorbitol and mannitol; and binders such as 
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acacia, microcrystalline cellulose, carboxymethyl cellulose and hydroxypropyl melhyl cellulose. 
Glidants, lubricants, sweeteners, colorants, antioxidants and flavoring agents disclosed above may 

also be included. . 

The compositions of this invention can also be administered toproally to e snbje* 
, g by the diteot laying on ot spreading of the composite o» the epidermal or ep.thelral 
as^e ef 4. subject, or ban^rmally via a "pateh". Soeb compositions InOude, for 
example, lotions, creams, eolation,, geU and solids. These topical compoarbona preferably 
comprise , aefe and effective amount, usually a. leas! abon, 0.,%, and preferab* from about 
1% „ about 5%, of the Formula (I) compound. Suitable carriers for lop.oa! admrmstiabon 
preferably remain in piece on the skin as a continuous film, and reals, being remove^ by 
perspiration or immersion in water. Generally, tire earner is organic in nature end capable o 
having dispersed or dissolved therein the Formula (I) compound. The earner may mc «de 
pharmaceutically-accoptable emollients, emulsifiers, rhichening agents, solvent and the ..he. 

YI Methods o f Administration: 
15 This invention also provides methods of treating or preventing disorders associated 

with excess or undesired metailoprotease activity in a human or other animal subject, by 
administering a safe and effective amount of a Formula (1) compound to sard subject As 
used herein, a "disorder associated with excess or undesixed metailoprotease actmty * any 
disordercharaeterizedbydegradationofmanixproteins. The methods of the mventron are 
20 useful in treating or preventing disorders described above: 

Compositions of this invention can be administered topically or system.cally. 
Systemic application includes any method of introducing Formula (I) compound mto the 
tissues of the body, e.g., intra-articular (especially in treatment of rheumatOad arthntaS), 
intrathecal, epidural, intramuscular, transdermal, intravenous, intraperitoneal, subcutaneous 
25 sublingual, rectal, and oral administration. The Formula (1) compounds of the present 
invention are preferably administered orally. 

The specific dosage of inhibitor to be administered, as well as the duration of 
treatment, and whether the treatment is topical or systemic are interdependent. The dosage 
and treatment regimen will also depend upot. such factors as the specie Formula © 
compound used, the treatment indication, the ability of the Formula (I) compound to reach 
minimum inhibitory concentrations at the site of the metailoprotease to be intubated, the 
personal attributes of the subject (such as weight), compliance with the treatment regunen, 
and the presence and severity of any side effects of the treatment. . 
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Typically, for a human adult (weighing approximately 70 kilograms), from about 
5 mg to about 3000 mg, more preferably from about 5 mg to about 1000 mg, more preferably 
from about 10 mg to about 100 mg, of Formula (I) compound are administered per day for 
systemic administration. It is understood that these dosage ranges are by way of example 
5 only, and that daily administration can be adjusted depending on the factors listed above. 

A preferred method of administration for treatment of rheumatoid arthritis is oral or 
parenterally via intra-articular injection. As is known and practiced in the art, all 
formulations for parenteral administration must be sterile. For mammals, especially humans, 
(assuming an approximate body weight of 70 kilograms) individual doses of from about 10 
10 mg to about 1000 mg are preferred. 

A preferred method of systemic administration is oral. Individual doses of from 
about 10 mg to about 1000 mg, preferably from about 10 mg to about 300 mg are preferred. 

Topical administration can be used to deliver the Formula (I) compound 
systemically, or to treat a subject locally. The amounts of Formula (I) compound to be 
1 5 topically administered depends upon such factors as skin sensitivity, type and location of the 
tissue to be treated, the composition and carrier (if any) to be administered, the particular 
Formula (I) compound to be administered, as well as the particular disorder to be treated and 
the extent to which systemic (as distinguished from local) effects are desired. 

The inhibitors of the invention can be targeted to specific locations where the 
20 metalloprotease is accumulated by using targeting ligands. For example, to focus the inhibitors to 
metalloprotease contained in a tumor, the inhibitor is conjugated to an antibody or fragment 
thereof which is immunoreactive with a tumor marker as is generally understood in the 
preparation of immunotoxins in general. The targeting ligand can also be a ligand suitable for a 
receptor which is present on the tumor. Any targeting ligand which specifically reacts with a 
25 marker for the intended target tissue can be used. Methods for coupling the invention compound 
to the targeting ligand are well known and are similar to those described below for coupling to 
carrier. The conjugates are formulated and administered as described above. 

For localized conditions, topical administration is preferred. For example, to treat 
ulcerated cornea, direct application to the affected eye may employ a formulation as eyedrops or 
30 aerosol. For corneal treatment, the compounds of the invention can also be formulated as gels, 
drops or ointments, or can be incorporated into collagen or a hydrophilic polymer shield. The 
materials can also be inserted as a contact lens or reservoir or as a subconjunctival formulation. 
For treatment of skin inflammation, the compound is applied locally and topically, in a gel, paste, 
salve or ointment For treatment of oral diseases, the compound may be applied locally in a gel, 
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paste, moud, or intp,ant Tbe mode of b-bnen.*" — *• — ° f «" *" 
and suitable formulaoons for any selected rout, are .tradable u> the art. 

U, « of ft. forego^ of eourse, ft. enmpounds of flte invenbon o» be admtms^d 
to e or as mixtures, and ft. oomposHtions may «nmet inclnde addibonal drttgs or oxe.pte.ta as 

* annrooriate for the indication. 

S^eofm.ecmponndsofm.nw^on^b^.b^me^op^. Some 

baeteria. meM.opro.ease, may be .ess dependent on d* a.emoobenris.ry of ft. mbtbrto, wber«, 
nlus. dJLes » fcnrtd berwenn dimmers in ft* abiUry to * 
I^ian proteases. Tbus, «. partnrn of aedvily oan be use4 to disdnguKb be^eun the 
10 mammalian and bacterial enzymes. 

Vn. cam ples - Co ~r™ inH Preparation 

The following abbreviations are used herein: 

MeOH: methanol ^ triethylamine 

EtOAc: ethylacetate Et 2 0: diethylether 

boc: f-butyloxycarbonyl 

15 Ph: phenyl 

DMF:N s N-dimemylformamide acac: acetyl acetate 

DME: dimethoxyethane dilute 

cone: concentrated *rt, with respect to 

DCC: 1,3-Dicyclohexylcarbodiimide HOBT: 1-Hydroxybenzotnazole 

TheRgroupsusedtoillustratemecompoundpreparauonex^ 

Z to descL Formula (I) in the Summary of the Invention section and Secbon II of me 
Detailed Description does not represent the same moieties as R> in this Secbon VH. 

irYATVfPT.KS 1-54 

The following chart shows the structure of compounds made according to me procedures 
described in Examples 1-54. 
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Example 1 

4-lCarboxy-(4 f -methoxy-biphen^^ acid 
tert-butyl ester. 

a) 4-(BenzyloxycarbonyIamin(Hmethoxycarbonyl-methylene)-piperidine-l-carboxylic acid 
tert-butyl ester. To a solution of 4-Boc-piperidone (30 g) and N-(benzyloxycarbonyl)- - 
phosphonoglycine trimethyl ester (50g) in dicWoromethane (100 mL) cooled to 0°C is added 
dropwise diazabicycloundecane (32.16 g). The resulting mixture is stirred at room temperature for 
5 days. The solvent is removed under reduced pressure and the mixture is dissolved in EtOAc. 
The organic extracts are washed with water followed by brine, then dried (Na2S04). The crude 
product obtained after evaporation of solvent is purified by chromatography on silica gel using 
3/2 hexane/EtOAc to provide the desired product as a white solid. 
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(B^.oxycarbony.annno.ntefltoayca^^^^ 

«ZT« Ig) is disso.ved in ntettrano. (.00 mL) and 10% pafladhnn on ca*on (2.30 g) . added 
Ik. flask is flushed wifl. hydn.gon and the reaction .fixture is sinred a. soon, «p« > for 12 
5 hours lb. reaction tnbdure is Altered fluough a CeU» plug and the solvent is evaptnated nude 
^ced pressure .0 give ft. desirad product which is used in .be foflowing reacho. wthou, 

1* add *«-.»«,. ester. To . aoloflon of 4Kanflno-n,ofl,.x y on*on^-mofl,y.> 
,„ rjaHdino-.-carnoxylic acid m~* — CM. g) in (80 rnL) . addo 

"2o is sflld overnigh. a. toon, — * hytoC "°" C "* 

^ 5% a,ueous sodiutn bic^onate a* brine, .hen dned (Ma 2 S0 4 ). Too orudo p»d„c. 

obuined afler evaporation of so,ven, is purified by ehronuuography on sflio. gol using 3/2 
1S hexane/EtOAc to provide the desired piodnot as a colorless sohd. 

^lay-.Le.h.^b^^ - 
LLy, esl To a sohrnon of MK-m^-biph^^^^-""^*^- 
^pipeHdino-l-o^he sc,d .tt-bnly, e«er (.3.61 g> in ,e*ahydroflnan - 
led ^sodiutn hydros (.0 mL) and flte ration nnxfcre I. stirred a, toon, * 
» «tL The reacflon nflxth* is concenhufcd nnder rrfucad preas^o, dinned 

ffl d washed sucWvdy wifl, IN hydroch,or.o acid, brine, and dron dnefl (N. 2 S0 4 ). The 
OT de product obtained after evaporadon of so.veat ia pnrified b, crysaflizaflon fton, 
methanol/water. 

FsYam ple 2 

25 ( 4'-M«th.ay-b*henyl-4-s»tfonyh>mL.o)-piperklto-4-yl-«»tle»cld. 

To a soLn of H«W^NM-*»-M*«^ 
cboxyhc acid tc-buty. * (Examp.e .. 200 tng) in P ' - 
tHflnoroaceflc acid (.40 L) and the reachon tnixture is shned a. toon, temperature for 3 ta« 
The stents arc rentoved under reduced pres^re and flte residue is hnnra^ wrflt The 
30 sohda are elected by ffltraflon and the enade prodnc. is punned by crysUflazalton ftonr eflty. 
acetate to give the desired compound as a white solid. 

Example 3 
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4-[Carboxy^4-phenoxy-benzenesulfonylamino)-methyI]-piperidine*l-carboxyiic acid tert- 
butyl ester. The title compound is prepared following the procedure described for Example 1 and 
using phenoxy-benzenesulfonyl chloride in the step lc. 

Example 4 

5 (4-Phenoxy-benzenesulfonyIamino)-piperidin-4-yl-acetic acid. The title compound is prepared 
from Example 3 following the procedure described for Example 2. 

Example 5 

(4 f -Methoxy-biphenyI-4-sulfonyJamino)-[l-(3-methyl-butyI)-piperidin-4-yIJ-acetic acid. To a 

stirring solution of (4 , -methoxy-biphenyl-4-sulfonylamino)-piperidin«4-yl-acetic acid (Example 
10 2, 80 mg) and pyridine (20 [iL) in ethanol (1 mL) is added isovaleraldehyde (26 mg) and 
BH3»pyridine complex (8M, 37.5 \xV) and the reaction is stirred for 4 hours. The precipitate is 
dissolved with HC1 (IN, 1 mL) and upon sitting for several minutes is precipitated back out. 
After filtering, the precipitate is dissolved in methanol and purified using RP-HPLC to give the 
desired product as a white solid. 

15 Examples 6-21 

Examples 6-21 are prepared from Example 2 using the corresponding aldehydes in the reductive 
animation step following the procedure described for Example 5. 

Example 22 

(l-Isobutyryl-piperidin-4-yI)-(4 , -methoxy-biphenyl-4-sulfonyIamino)-acetic acid. To a stirred 
20 solution of (4 f -methoxy-biphenyM-sulfonylamino)-piperidin-4-yl-acetic acid (Example 2, 350 
mg) in 1:1 dioxane-water (2 mL), cooled to 0°C, is added triethylamine (400 nL) followed by 2- 
methylpropionyl chloride (136 |a). The reaction mixture is stirred overnight at room temperature, 
diluted with ethyl acetate and washed sequentially with IN hydrochloric acid, water, 5% aqueous 
sodium bicarbonate and brine, then dried (Na2S04). The crude product obtained after evaporation 
25 of solvent is purified using RP-HPLC to give the desired product as a white solid. 

Examples 23-30 

Examples 23-30 are prepared from Example 2 using the corresponding acid chlorides in the 
acylation step following the procedure described for Example 22. 

Example 31 
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methoxy-ethyl ester. 

m- soiuhon - C^^V^^"^^^; * 

. t >> tn, 0°C is added IN sodium hydroxide (1 mL) 

c /Pvarrmle 2 199 5 mg) in dioxane (1 mL), cooled to 0 c, is aaocu 

5 (Example 2, HBO mgj -wi.r s The reaction mixture is stirred for 4 hours, 

followed by methoxyethyl chloroformate (138.5 mg). The reacuo 

Zed wim ethyl acetate and washed sequentially with IN hydrochloric acid, water, 5% aqueous 
diluted witn euiyi de duct obtained after evaporation 

sodium bicarbonate and brine, then dried (Na 2 S0 4 ). The crude pro 
of solvent is purified using RP-HPLC to give the desired product a, a white solid. 

, r ^ Tr(4 meLy-biphenyM-sulfonylamino)-me^ 
solution of 4 - [(4 -^; Xy t bP n , x L jle 2 23g g) m dioUoromethane (20 mL) is added 
carboxvlic acid tert-butyl ester (Example lc, i.lm g; 

standing i s used ii.th= »xt step without fbrth-purificalion. 
b ™ox,<4,„,e«h.x^ 
JeL^Iy. est... Tn . aohtdon rf< *^^^-«--^ 
II J nly. es.es (49.4 * iu dich*—. ( 4 -0 is ~* ™ *Z*Z2 

^erasure * 1 hour. The Events ass reproved under reduced 

ta dlolved in teWhydrol^e <* -4 - »* — 05 ° £ "J 

jToo udxhne is stirred fo r U hop*, under seduced pressure, ddufcd w*. *M 

^te end washed successive* with IN hydrochloric aeid, w*et .tap 
,5 (Na 2 S04). The crude product obtained after evaporation of solvent is punfied ustng PP-HPI* to 
give the desired product as a white soUd. 

Exam ples 32-39 

. - PxamD i e 2 using the corresponding chloroformates in the 
Examples 32-39 are prepared fiom Example i using ui 

acylation step following the procedure described for Example 30. 

Examples 40 and 41 

30 . 
samples 40 and 41 are prepared from Example lb using fte correspondmg sulfonyl chlondes m 
the sulfonamide formation step (step lc) following the procedure described for Example 1. 
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Example 42 

4~{Carboxy-[4^4-methoxy-benzoyte 
carboxylic acid tert-butyi ester. 

a) 4-[MethoxycarbonyK4-nitro-benzenesulfonyIamino)-methyl]-piperidine-l- 

5 carboxylic acid tert-butyi ester. To a solution of 4-(amino-methoxycarbonyl-methyl)- 
piperidine-1 -carboxylic acid tert-butyi ester (Example lb, 2.28 g) in dichloromethane (50 mL) is 
added triethylamine (1.26 g) followed by 4-nitrophenylsulfonyl chloride (2.0 g). The reaction 
mixture is stirred overnight at room temperature, washed sequentially with IN hydrochloric acid, 
water, 5% aqueous sodium bicarbonate and brine, then dried (Na2S04). The crude product 
10 obtained after evaporation of solvent is used in the next step without further purification. 

b) 4-t(4-Amino-benzenesulfonylamino)-methoxycarbonyI-methyIJ-pipericline-l' 
carboxylic acid tert-butyi ester. 4-|Methoxycaibonyl-(4"nitTO-benzenesulfonylamino)-methyl]-- 
piperidine-1 -caiboxylic acid tert-butyi ester (686 mg) is dissolved in 7:3 ethanol:ethyl acetate (40 
mL) and 10% palladium on carbon (100 mg) is added. The flask is flushed with hydrogen and the 

1 5 reaction mixture is stirred at room temperature overnight The reaction mixture is filtered through 
a Celite plug and the solvent is evaporated under reduced pressure to give the desired product as a 
colorless solid. 

c) 4-{[4-(4-Methoxy-benzoylamino)-beiizenesulfonyIamino]-methoxycarbonyI-methyl}- 
piperidine-l-carboxylic acid tert-butyi ester. To a solution of 4-[(4-amino- 

20 benzenesulfonylamino)-methoxycarbonyl-methyl]-piperidine-l -carboxylic acid tert-butyi ester 
(600 mg) in dichloromethane (6 mL) is added triethylamine (0.4 mL) followed by 4- 
methoxybenzoyl chloride (036 g). The reaction mixture is stirred overnight at room temperature, 
washed sequentially with IN hydrochloric acid, water, 5% aqueous sodium bicarbonate and brine, 
then dried (Na2S04). The crude product obtained after evaporation of solvent is purified by 

25 chromatography on silica gel using 3/2 hexane/EtOAc to provide the desired product as a 
colorless solid. 

d) 4-{Carboxy-[4-(4-methoxy-benzoyIaniino)-benzenesulfonylamino]-methyI}- 
piperidine-l-carboxylic acid tert-butyi ester. To a solution of 4-{[4-(4-methoxy- 
ben2»ylamino)-benzenesulfonylamino]-methoxycarbonyl-methyl} -piperidine-1 -carboxylic acid 

30 tert-butyi ester (210 mg) in tetrahydrofiiran (10 mL) is added 50% sodium hydroxide (5 mL) and 
the reaction mixture is stirred at room temperature for 3 hours. The reaction mixture is neutralized 
with HC1, concentrated under reduced pressure and partitioned between ethyl acetate and water. 
The organic phase is washed with brine and dried over anhydrous sodium sulfate. The crude 
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^ chained *. evaporarion — » P— — -«« » *" ^ deSiK<1 
product as a colorless solid. 

procedure described for Example 3 1 (Method B). 

Bxarnpjes 44-46 

Examples 44-46 are prepared oahrg .he coding — H — » *» «°> 
following the procure described for Example 31 (Method B). 

jr.vam ple 47 

1 4 K 4-Me,h.xy-phe.y.eth,nyl>-b^^^ 

^ xo a — ^rtrrrrn 

pip.ridine-1-carboxylic acid tert-bntyl ester (Example la, 284 mg) in 4 
"ded niflnoroaeooc acid (1.5 mL) and m. reaction mix.*, is srirred « room * 
tl Tne advents are removed nnder radncad pressure and me msiduo ,s drasoNad - 
(4 mL). TO dris soludon is added trielhylamine C«.m* > * * 

morpholme camonyl chloride (141 mg) and me reacEon mixtore ,s allowed » Erfor 5 tea 

^ L washed survival, with IN hydrochforic acid, wa«, bman, and man d-d 
^04). The cmde prodnc, obuined anas evapomEon of solvent is purifleri b, arlrca gel Eush 

h, Ammo-.f-fmorpb^a^c.rbooyfH.peHdin^-.caric add m«hy. estcr. To aaohrimn 
. o h^oxyo^onyunrino^f^honn^ny.^^^ - 

« K r (260 mg) in memsnol (10 mL) is added .0% paEadlom on carbon (20 mg) The flash. 
Lhi with hydmgen and the reacrion mixture ia srirrad a, room temperamre for 12 hour. The 
!Tn mhrmre ia flitemd mrongh a Ceiite pmg and Era solvent la ^ 
pressure .0 give Era deaireri product which ia used in me foUowing rencEon wrmou, ponEcari^ 
30 c, ( 4- B romo-ber M ne.., f on y Um to .Hl<m.rpho^-c.r4H.ny»-P^rid^y -aca«.^ 
me, y! aster. To a eolurion of ^M»»^oEno^yr«^^ serf 
meflj, esfcr (140 mg) (5.42 g) in dichforomemane (5 mL) ia adderi EreErylamme (140 L) 
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followed by 4-bromophenyl sulfonyl chloride (152 mg). The reaction mixture is stirred overnight 
at room temperature, washed sequentially with IN hydrochloric acid, water, 5% aqueous sodium 
bicarbonate and brine, then dried (Na2S04). The crude product obtained after evaporation of 
solvent is purified by chromatography on silica gel using 3/2 hexane/EtOAc to provide the 
5 desired product as a colorless solid. 

d) [4^4-Methoxy-phenyIethyny0^enzenesulfonylamino]-[l-(morphoUne-4-carbonyI)- 
piperidin-4-yI]-acetic acid methyl ester, A solution of (4-bromo-benzenesulfonylamino)-[l- 
(morpholine-4-carbonyl)-piperidin-4-yl]-acetic acid methyl ester (230 mg), 4- 
methoxyphenylacetylene (85 mg), Pd(PPh3)2Cl2 (20 mg), Cul (10 mg) and EtjN (0.14 mL) in 5 

10 mL of DMF is stirred at 55°C for 16 hr. The mixture is then diluted in EtOAc and washed three 
times with dil. Na2CC>3, one time with brine, then dried (MgS04). The crude product obtained 
after evaporation of solvents is purified by silica gel flush chromatography (hexanerEtOAc 1:1) to 
give the desired product as a colorless solid. 

e) [4^4-Methoxy-phenylethynyI)-benzenesulf^ 

15 piperidin-4-yl]-acetic acid. To a solution of [4-(4-methoxy-phenylethynyl)- 
benzenesulfonylamino]-[l-(moipholine^-c^onyl)-piperidin-4-yl]-acetic acid methyl ester (150 
mg) in tetrahydrofuran (3 mL) is added 50% sodium hydroxide (0.5 mL) and the reaction mixture 
is stirred at room temperature for 16 hours. The reaction mixture is concentrated under reduced 
pressure, diluted with ethyl acetate and washed successively with IN hydrochloric acid, water, 

20 brine, and then dried (Na2S04). The crude product obtained after evaporation of solvent is 
purified by using RP-HPLC to give the desired product as a colorless solid. 

Example 48 

(4 , -Methoxy-biphenyl^sulfonylamino>-[l^morpholine^^arbonyO-piperidin-4-yl]-acetic 
acid. To a solution of (4 f -methoxy-biphenyl^sulfonylamino)-piperidin-4-yl-acetic acid 

25 (Example 2, 158.6 mg) in 1 : 1 dioxane: water (4 mL) is added triethylamine (182 L) followed by 
4-morpholinecarbonyl chloride (43 mg). The reaction mixture is stirred overnight at room 
temperature, diluted with ethyl acetate and washed sequentially with IN hydrochloric acidj water, 
5% aqueous sodium bicarbonate and brine, then dried (Na2SC>4). The crude product obtained 
after evaporation of solvent is purified using RP-HPLC to give the desired product as a colorless 

30 solid. 

Example 49 
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, to . diir-tiiYlcaibainoyl chlorides in the acylation step following the 
Example 4y is prepared uam 6 auriwUiyicai ^- 

procedure described for Example 48. 

ExamEigg 50 and 51 

Exiles 50 and 51 are prepared using the corresponding sulfonyl chlorides in the sulfonylation 
5 step following the procedure described for Example 47. 

ff vample 52 

( ,-Me«b»»esu.f.n»Vp. P ertd^^ 

soUdion of ( 4^ U ..xy-b i p to yl^fo»yla m tao)-pip«id fa -4-y.-ac e a C ac,d (Example 2, 103 

II Ld wld serially »itb IN hydrocblorio * water, 

b ic**ontf= and bHne, *. dr»d CNa 2 S0 4 ). «. — • P«*- — *« * 

solve* i. purified using EP-HPLC to give the deahed product es e colorless sohd. 

Sam ples 5 3 and 54 

,5 Examples 53 and 54 are prepared from Ex^le 2 following me procedure described for Exampte 
52. 

PYAMPIF.S55-66 

The following chart shows the structure of compounds made according to the procedures 
described in Examples 55-66. 

4 



20 




1 Example 


E 


X 


R 1 J 


55 


-C(=0)0- 


-CMe, 


-CsH 4 -4-OMe j 


56 


covalent bond 


H 


-C 6 H4-4-OMe 


57 


-C(=0)0- 


-CH 2 CH 2 OMe 


-C«H4-4-OMe 


58 

i = 


-c(=o> 


-CHjPh 


-C 6 H4-4-OMe 



43 



WO 01/70690 



PCTYUS01/08783 



1 59 


-C(=0)- 


-\\_J> 


-CfiKj-^OMe 


60 


-C(=0)0- 


"CH2CH3 


-QH«-4-OMe 


61 


-C(=0)- 


-CH 2 OPh 


-CjH^-OMe 


62 


-CH 2 - 


-CH 2 CH 2 Ph 


-CsH^OMe 


63 


-CH 2 - 


-2-thiazolyl 




64 


-CH 2 - 


-2-furfuryl 


-C,iH 4 -4-OMe 


65 


-CH 2 - 


-2-thienyl 


-QH^OMe 


66 


-CH 2 - 


- CH 2 CH 2 OBn 


-QHU-4-OMe 



Example 55 



4-(4 f -Methoxy-biphenyl^suIfonylamino)-piperidine-l,4Mlicarboxylic acid mono-tert-butyl 
ester. 

a) 4-Amino-piperidine-l,4-dicarboxylic acid 1-tert-butyl ester 4-methyl ester. To a slurry 
5 of 4-amino-piperidine-l,4-dicaiboxylic acid mono-tert-butyl ester (13.9 g) in methanol (150 mL) 
and tetrahydrofaran (100 mL) cooled to 0°C is added dropwise over 4 hours 2 M 
trimethylsilyldiazomethane in hexane (57 mL) followed by 4-nitrophenylsulfonyl chloride (2.0 g). 
The solvents are evaporated under vacuum and the crude product is used in the next step without 
further purification. 

10 b) 4-(4 f -Methoxy-biphenyl-4-sulf6nylamino)-piperidine-l ,4-dicarboxyIic acid 1-tert- 
butyl ester 4-methyl ester. To a solution of 4-Amino-piperidine-l,4-dicarboxylic acid 1-tert- 
butyl ester 4-methyl ester (155 mg) in dichloromethane (10 mL) is added triethylamine (125 L) 
followed by />-methoxybiphenyl sulfonyl chloride (187 mg). The reaction mixture is stirred 
overnight at room temperature, washed with water and brine, then dried (MgS04). The crude 

15 product obtained after evaporation of solvent is purified by chromatography on silica gel using 
4/1 hexane/EtOAc to provide the desired product as a colorless solid. 

c) 4-(4 f -Methoxy-biphenyl-4-sulfonylamino)-piperidine-l,4-dicarboxyIic acid mono- 
tert-butyl ester. To a solution of 4-(4-methoxy-biphenyl^sulfonylaiiiino>-piperidine-l,4- 
dicaiboxylic acid 1-tert-butyl ester 4-methyl ester (100 mg) in tetrahydrofiiran (8 mL) is added a 
20 solution of lithium hydroxide monohydrate (83 mg) in water (8 mL) and the reaction mixture is 
stirred at room temperature for 3 hours. The reaction mixture i§ concentrated under reduced 
• pressure and washed twice with ethyl ether. The aqueous phase is partitioned between ethyl 
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10 



15 



acetate and water and pH adjusted to 3 with IN hydrochloric acid. The phases are separated, the 
aqueous phase is washed with ethyl acetate and the combined organic phases are washed with 
hi and dried over anhydrous magnesium sulfate. The crude product obtained after evaporation 
of solvents is purified using RP-HPLC to give the desired product as a colorless sohd. 

F\ am ple 56 

« 4 ,M^^y^«™y^M*«'^ ab '>' l » Xc ' M - T ° " soh "" ,,1 f T 

(Bxje 55, n mg, in (3 ■* * — — " f *r^ 

acid (3 ML) and ft. sencrion mixtose U shned a. room •-«-*»** 3.5 ton* 
The sohnion is added to 10% EGO/hexane (100 mL) and me pseeipitoto is collect, »aahcd W » 
,0% EeO/bexan. (2 x 10 mL) end dried under vacuum to give m. deshed produc, . . 
trifluoroacetate salt. 

Exam ple 57 

^M«a..xy4»iph.nyl^nlf.»yl.mln.>PlP«rtd».e.l^dlc.rb.x ) 11a add m.n»<2- 
. Lh.xy-e.ny0 — To a sun* sohmon of ^^oxy-blpheny^ony,^ 
pi peridine-4.«box,lic acid (Ex^ple 56, ,50 mg) in dioxane „ mL), cooled to 0-C. . ad^d 

K sodium hydsoxide (1 mL) follow* by memoxyemy. cb.osofo.ma* (.20 mg) The ~~ 
^ „ aLd fos 4 bonsa, dilutod wim etoy, atoato and washed = * w* « 

hydrochloric acid. wator, 5% aonenns sodinm bicobonato and bxum. to dned (K«S04). The 

c„de psoduc. oblained afto, evapomnoo of solven. is purified using RP-HPLC to give .he desued 

product as a white solid. 

v.Yfl m ples 58-61 

Examples 58-61 are prepared from Example 56 using the corresponding acylating agents 
following the procedure described for Example 57. 

F.vam ple 62 

^.-Methory^iptaeuy^^ ^ T ° * 

stirring solution of 4-(4^memoxy-biphenyl-^^ «*1 
(Example 56, 110 mg) and pyridine (25 uL) in ethanol (2 mL) is added isovaleraldehyde (92 mg) 
and BH^yridine complex (8M, 55 „L> and the reaction is stirred for 4 hours. The preoipitate rs 
; 0 dissolved with HC1 (IN, ImL) and upon sitting for several minutes is precipitated back out After 
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filtering, the precipitate is dissolved in methanol and purified using RP-HPLC to give the desired 
product as a white solid. 

Examples 63-66 

Examples 63-66 are prepared from Example 56 following the procedure described for Example 
5 62. 

EXAMPLES 67-70 

The following chart shows the structure of compounds made according to the procedures 
described in Examples 67-70. 




Example 


A' 


R' 


67 


-O- 




68 


-s- 




69 


-so r 


-CsHr^OMe 


70 


-so 2 - 


-QH 4 -4-F 



10 Example 67 

(4'-Methoxy-biphenyI-4-sulfonylamino)-(tetrahydro-pyran-4-yl)-acetic acid 
a) Bmzyloxycarbonylamino^tetrahydro-pyran-4-ylidene)-acetic acid methyl ester. In 
a 50 mL round bottom flask is prepared a solution in acetonitrile (10 mL} of N- 
(benzyloxycarbonyl)- -phosphonoglycine trimethyl ester (1000 mg, 3.02 mmol) to which is 

15 added l,8-diazabicylco[5.4.0]undec-7-ene (0.45 mL, 3.02 mmol). After allowing the mixture to 
stir for 10 minutes, the tetrahydro-4#-pyran-4-one (299 mg, 2.95 mmol) is added and the reaction 
mixture is stirred for 2 days. The solution is then diluted with EtOAc (75 mL) and subsequently 
washed with IN H 2 S0 4 solution. The solution is then dried by washing with brine and stirring 
with MgS0 4 . After filtration and concentration of the filtrate by rotoevaporation, the dark reddish 

20 brown oil is diluted with ethyl acetate and hexane (1:1) and filtered through a plug of silica gel to 

remove excess phosphorylglycine ester using 1:1 ethyl acetate/hexane eluent The solvent is 

removed in vacuo to give the desired compound 
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, x . , . /i _,^.„u.. d _ ow «„-4-yIV a cetic acid methyl ester. The 
b) Amino-(t«*ranyaro-p., 

. , • /* f~hv,1ro nvran-4-vlidene)-acetic acid methyl ester (361 mg, 1.18 
hpTiwloxvcarbonylamino-(tetrahyaro-pyran-^-ynucuc; 

added m a Pair hydrogenadon borne - -W~ — - * - * 
H^sea * -go- for 10 minutes- To the vessel is - — 

t then removed by flttk. Ouough Cebte. Remove, of organio soWen. under rrfueed pressor 
iLbse^ten, dryin 8 m vacuo gtves - ody residue, for « NMR and 

. . . . . . ^ n rtr^narert The crude product is used as is wit&out 

analysis show that the desired ester has been prepared, me cru y 

1, llalOOmLrouud bodom flask ts disso.ved under nihog^ the crude 
p^yD-acede aeid methy, _ (288 mg, ...7 mmo.) in anhydrous <HA (8 mU Ate 
. gamine <330 L, 2 ,5 mmo.,, P-memo.yhipheny, -""^T * 
I 76 mmo!) is added and the soiueion shared overnight mom temperature. Ate wadung wdh 

Lb aortography. Foiiowing eiudon wim a 40:o0 emy, aoehdethexanes so.vent, the product 
2»Z elhined and concenh*ed „ vocno . give speCseopicady c,ean pmdue. 3 as a 

. 8d mini) is dissolved in THF (5 mL) in a 50 mL round bodom Basic A sohdton of Itduum 
h^deLohydmmCmmg, ,7, mmo„m 5 mLof wafcris added and _ta^ «d 
. SO^hou,, Ateremov, of mos.ofth.TH* under ^~£T~2" 
. washed twice wim diemy. ..her. The aquaau, .aye, is diiuted wim water (50 mL) »d ethyl 
, He (.00 mL) and p,.eed into - HHenmeyer te*. Wim snrrhr, dN HO fodowed by W 
HO Jaddrfdcopw^tore^pHof^m*.^^ The laye. ^ sep^ed and 

Xmd tutd concent™.*. » _ » leave a send residue. Punftcahon b, pmpanthve HPLC 
gives the desired compound 

F.vam ple 68 

(4'-Me.bexy-biphenyl^mf.»yl«»l««K.et«hydr^t»k, P yr.»^yl)-acetle»dd 

„ Ben W ..,ye.rh..y.ami.^h,d^.p,».^-ylidene)^e..e add methyl ester. 

. 50 mL round bodom flask is pmpared a southern in .cfondrffe (.0 mL) of dtt ,H- 
(beusyfoxycamonyl)- -pbosphonogfyeure frinreury. ester ( 9 78 mg, 2.95 mmo.) » whtda .. adder. 
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l,8-diazabicylco[5.4.0]undec-7-ene (0.44 mL, 2.95 mraol). After allowing the mixture to stir for 
10 minutes, the tetrahydrothiopyran-4-one (337 mg, 2.85 mmol) is added and the reaction mixture 
is stirred for 2 days. The solution is then diluted with EtOAc (75 mL) and subsequently washed 
with IN H 2 S0 4 solution. The solution is then dried by washing with brine and stirring with 
5 MgS0 4 . After filtration and concentration of the filtrate under reduced pressure, the dark reddish 
brown oil is diluted with ethyl acetate and hexane (1:1) and filtered through a plug of silica gel to 
remove excess phosphorylglycine ester using 1:1 ethyl acetate/hexane eluent The solvent is 
removed in vacuo to give the desired compound. 

b) Amino-(tetrahydro-thiopyran-4-yI)-acetic acid methyl ester. The 
10 benzyloxycari>onylamincH(tetrahydro-thiopyran-4-ylidene)-acetic acid methyl ester (350 mg, 1.1 

mmol) is. added to a Parr hydrogenation bottle with anhydrous methanol (6 mL) and the solution 
is degassed with argon for 10 minutes. To the vessel is then added 5% palladium/carbon catalyst 
The solvent is then placed under a 3 Atm blanket of hydrogen and shaken overnight The catalyst 
is then removed by filtration through Celite. Removal of organic solvent under reduced pressure 
15 and subsequent drying in vacuo gives an oily residue, for which NMR and mass spectrometric 
analysis show that the desired ester has been prepared. The crude product is used as is without 
further purification, 

c) (4'-Methoxy-biphenyl-4^ulfonylamiao)-(tetrahydro-thiopyran-4-yI)-acetlc acid 
methyl ester. In a 100 mL round bottom flask is dissolved under nitrogen the crude amino- 

20 (tetrahydro-fliiopyran-4-yI)-acetic acid methyl ester (300 mg, 1.2 mmol) in anhydrous CH 2 C1 2 (8 
mL). After addition of triethylamine (340 L, 2.4 mmol), j>methoxybiphenyl sulfonyl chloride 
(510 mg, 1.8 mmol) is added and the solution stirred overnight at room temperature. After 
washing with water and brine and drying over MgSQ 4 , the methylene chloride layer is loaded 
onto silica gel and the crude is purified by flash chromatography (40:60 ethyl acetate:hexanes 

25 solvent) to give the desired product as a white solid. 

d) (4*-Methory-biphenyl-4-sulfonylamino)-(tetrahydro-thiopyran-4-yI)-acetic acid. The 
(4'-methoxy4>iphenyl-4-^lfonylamin^ acid methyl ester (350 
mg, 0.82 mmol) is dissolved in THF (5 mL) in a 50 mL round bottom flask. A solution of lithium 
hydroxide monohydrate (710 mg, 17 mmol) in 5 mL of water is added and the mixture is stirred 

30 at 80°C for 2 hours. After removal of most of the THF under reduced pressure, the aqueous layer 
is washed twice with diethyl ether. The aqueous layer is diluted with water (50 mL) and ethyl 
acetate (100 mL) and placed into an Erlenmeyer flask. With stirring, 6N HQ followed by IN 
HC1 are added dropwise to reach pH of 2-3 in the aqueous layer. The layers are separated and the 
aqueous layer is extracted with additional ethyl acetate. The combined organic phases are washed 
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15 



with brine ,d dried over MgS0 4 , filtered and concentrated in vacuo. The crude is purified by 
preparative HPLC to give the desired product as a white solid 

Exam ple 69 

(,,,-Dloxo-hershydro-! *«n^KM*«****^-* 

! , 50 mL round boriom fiast is prepared a soluuon I. aceronibue (.0 * of the", 
(^oxycart.ny.)- -phosphonoglycnre trimelhy. ester (978 mg, 2.P5 »» * - -« 
iZzabicyleo^.OJundeo-V-ene (0.44 * « -* — *" " ^ 
0 minutes, me teh^ydroftiopyr^one (337 mg, 2.85 mmol) is added and Ihe reachon mo*- 

L led for 2 day, 7* -» * - — -* ^ <* "*» - 
with m HSO. sohmon. The soluuon is then dried by washing ant bnne and ^g wrih 
Z&l aL filbarion and enaction of ft. tt. under reduced pressure, me ds* «dd»b 
ICoi, is diluted with emy, aoetete snd hexan. 0 :.) and filtered enough a - 
«. excess phosphorylglyem. ester using .:. emy. acetete/h.>tene ehrent The arrive* 
removed in vacuo to give the desired compound. 

b) fc^-^*"-** 4 MbIopyr.n-4-yUdeneV.e^c 
. ,d methyl ester. To a solution of ben 2 y1oxycn^ny 1 ^o-(^ydro-«hiopyvan^yhde.e)- 
:l -U. - (330 nrg. , .03 mmol) in CHiClj a, 0*C is added «H * 

scid (570 mg, After allowing «* - » * " 

„ to room templates, and steer! for 4 hours. The sohmon is men dduted w«h CVUP 
mi) and subsidy wsshed with saturated NHCO, solution. The sohrtio. . then tad by 

" . ^\/faqo After filtration tbe solvent is removed m vacuo to 

washing with brine and addition of MgSO*. Alter iihthuux 

give the desired compound. . , -m^ 

, ! Am.n.KM-diaxo-hex.hydre-! '-rbtepyran^yO-aeette add methy. ester. Th 
.Utoxycscbony^o-CM-diox^ydro-I .-„fiopyr^y>iden. >a e«fic acd «M 
«To«S mg, 0.46 mmote) is added to a Pan- hydrogeuahon borne wim anhydrous me^nol 
mL) Ld me soiuhon degasseri wim a*on for 10 minutes. To the vessel is men added me 5/. 
,1mm. catelyst The solvent is men placed under a 3 Am, blanker of hydrogen and 
0 Irenovomighh Tbeoate.ys.tadrenremovedbymbadonnnoughCeHte. Remove.^ organ* 
«*«, under reduced pressure and subsequent further drying in vacuo grvea an o.ly resrdue, for 
. wbich NMR and mass speobometrio analysis show that ft. desired ester baa beenprepared. The 
crude product is used as is without ftather purification. 
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d) (1,1-Dioxo-hexahydro-l ^thiopyran-^^^'-methoxy-biphenyl-^sulfonylamino)- 
acetic acid methyl ester- In a 50 mL round bottom flask is dissolved under nitrogen the crude 
amino-(l , 1-dioxo-hexahydro- 1 6 -thiopyran-4-yl)-acetic acid methyl ester (95 mg, 0.43 mmol) in 
anhydrous CH 2 C1 2 (4 mL). After addition of triethylamine (120 L, 0.86 mmol), jp- 
5 methoxybiphenyl sulfonyl chloride (182 mg, 0.64 mmol) is added and the solution stirred 
overnight at room temperature. After washing with water and brine and drying over MgS0 4 , the 
methylene chloride layer is loaded onto silica gel for flash chromatography. Following elution 
with ethyl acetate: hexaries solvent, the product fractions are combined and concentrated in vacuo 
to give the desired sulfonamide as a white solid. 

10 e) (1,1-Dioxo-hexahydro-l 6 -thiopyran-4-yl)-(4 ? -methoxy-biphenyI-4-sulfonylamino)- 
acetic acid. The (1,1-Dioxo-hexahydro-l 6 -thiopyran-4-yl)-(4 , -methoxy-biphenyl-4- 

sulfonylamino)-acetic acid methyl ester (108 mg, 0.23 mmol) is dissolved in THF (4 mL) in a 25 
mL round bottom flask. A solution of lithium hydroxide monohydrate (194 mg, 4.62 mmol) in 4 
mL of water is added and the mixture is stirred at 80°C for 3 hours and overnight at room 

15 temperature. After removal of most of the THF under reduced pressure, the aqueous is washed 
twice with diethyl ether. The aqueous layer is diluted with water (50 mL) and ethyl acetate (100 
mL) and placed into an Erlenmeyer flask. With stirring, IN HC1 is added dropwise to reach a pH 
of 2-3 in the aqueous layer. The layers are separated and the water layer is extracted with 
additional ethyl acetate. The layer is rinsed with brine and dried over MgS0 4 , filtered and 

20 concentrated in vacuo to leave a solid residue. Purification by preparative HPLC gives the desired 
compound. 

Example 70 

(1,1-Dioxo-hexahydro-l -thiopyran^yI)-(4 , -fluoro-biphenyl^sulfonylamino)-acetic acid. 
Example 70 is prepared from 69d and the corresponding 4-fluorobiphenyl sulfdnyl chloride 
25 following the procedure described for compound 69- 

Examples 71-80 

The following chart shows the structure of compounds made according to the procedures 
described in Examples 71-80. 
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10 



N -Hydrory-M4'-me^^^ 
piperidin-4-yl]-acetamide. 

yt-seetic add ntethy, ester TFA salt 0t_* 31a, S.02 g) in P0 -» * -« 

Lhylamine (2.5 tnL) followed h, n»>*holinec*rb™oy. chloride (1.4 0 and the reachon 
^ is stood a, toon, .anperate. for 4 hour. The solvents ate tended nndet tedu~d 
pIessure and the tesidne is dihafcd with ethyl «~ and washed soccesstvely wt* 1* 
hydttKUoric acid, watet, brine, and then dried (Na2S04>. The ctude ptoduc. cbhuned afler 
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evaporation of solvent is purified by crystallization from methanol to give the desired product as a 
white solid. 

b) N-Hydroxy-2-(4 f -methoxy-biphenyI^s 

piperidin-4-yl] -acetamide, (4-Methoxy-biphenyl-4-sulfonylamino>-[ 1 -(morpholine-4-carbonyl)- 
5 piperidin-4-yl]-acetic acid methyl ester (150.2 mg) is treated with a methanolic solution of 
hydroxylamine (1.76 M, 2.5 mL) and the reaction is stirred for 12 hours at room temperature. The 
reaction mixture is concentrated under reduced pressure, diluted with* ethyl acetate and washed 
successively with IN hydrochloric acid, water, brine, and then dried (Na2S04). The crude 
product obtained after evaporation of solvents is purified using RP-HPLC to give the desired 
10 product as a colorless solid. 

Examples 72-80 

Examples 72-80 are prepared from the corresponding methyl esters following the procedure 
described for Example 71. 

VIII. Examples - Compositions and Methods of Use 

15 The compounds of the invention are useful to prepare compositions for the treatment of 

ailments associated with unwanted MP activity. The following composition and method \ 
examples do not limit the invention, but provide guidance to the skilled artisan to prepare and use 
the compounds, compositions and methods of the invention. In each case other compounds 
within the invention may be substituted for the example compound shown below with similar 
20 results. The skilled practitioner will appreciate that the examples provide guidance and may be 
varied based on the condition being treated and the patient. 

The following abbreviations are used in this section: 
EDTA: ethylenediaminetetracetic acid 
SDA: synthetically denatured alcohol 
25 USP: United States Pharmacopoeia 

Example A 

A tablet composition for oral administration, according to the present invention, is made 
comprising: 

Component Amount 

30 The compound of Example 31 15 mg 

Lactose 120 mg 

Maize Starch 70 mg 
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^1 4mg 
Talc 

Magnesium Stuart * m ^ 

A buman femafe subject weighing 60 kg (132 lbs), suffering from rbeumatofd arfcriris is 
Ml by . m«bod of this fnveodon. Spociffcafly, for 2 ye**, . regfmen of too, fablst, per day 

is administered orally to said subject , , 

At the end of the treatment period, the patient is examined and is found to have reduced 

inflammation, and improved mobility without concomitant pain. 

Example B 

A capsule for oral administration, according to the present invention, is made comprising: 

Amount (%w/w) 

Com ponent 

The compound of Example 48 150/0 
Polyethylene glycol 85 ° /o 
A human male subject weighing 90 kg (198 lbs.), suffering from osteoarthritis, is treated 
by a method of this invention. Specifically, for 5 years, a capsule containing 70 mg of the 
15 compound of Example 3 ia administered daily to said subject 

At the end of the treatment period, the patient is exannned via x-ray, arthroscopy and/or 
MRI, and found to have no further advancement of erosion/fibrillation of the articular cartilage. 

Exam ple C 

A saline-based composition for local achninistxation, according to the present invention, is 
20 made comprising: 

Component Amount (»/ow/w) 

The compound of Example 10 5 % 

Polyvinyl alcohol 15% 

or 80% 
Saline 

25 ApatienthavingdeepcomealabrasionappUesmedmptoeacheyetwiceaday. Healing 

is speeded, with no visual sequelae. 

Rxam ple P 

A topical composition for local administration, according to the present invention, is 
made comprising: 

30 " Component Com position (% w/v) 

The compound of Example 21 0.20 
Benzalkonium chloride 002 
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Thimerosal 0.002 
d-Sorbitol 5.00 
Glycine 0.35 
Aromatics 0.075 

5 Purified water 0^ 

Total - 100.00 

A patient suffering from chemical burns applies the composition at each dressing change 
(b.i.d.). Scarring is substantially diminished. 

Example E 

10 An inhalation aerosol composition, according to the present invention, is made 

comprising: 

Component Composition (% w/v) 

Compound of Example 56 5.0 

Alcohol 33.0 

15 Ascotbic acid 0.1 

Menthol 0.1 

Sodium Saccharin 0.2 

Propellant (F12. Fl 14) q.s. 

Total = 100.0 

20 An asthma sufferer sprays 0.01 mL via a pump actuator into the mouth while inhaling. 

Asthma symptoms are diminished. 

Example F 

A topical opthalmic composition, according to die present invention, is made comprising: 
Component Composition (% w/v) 

25 Compound of Example 69 0.10 

Benzalkonium chloride 0.01 
EDTA 0.05 
Hydroxyethylcellulose (NATROSOL M) 0.50 
Sodium metabisulfite 0.10 

30 Sodium chloride (0.9%) q.s. 

Total = 100.0 
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A human male subject weighing 90 kg (198 lbs), suffering from corneal ulcerations as 
seated by a method of this invention. Specifically, for 2 months, a saline solution contaimng 1 0 
^ of the compound of Example 16 is administered to said subject's affected eye twice-dauy. 

Kxam ple G 

5 A composition for parenteral administration is made comprising: 

„ . Amount 
Com ponent . 

The compound of Example 34 100 mg/mL carrier 

Carrier : 

Sodium citrate buffer with (percent 

1 0 by weight of carrier): 

i ^ 0.48% 
lecithin 

cafboxymethylcellulose °- 53 

-a 0.50 
povidone 

methyl paraben 0,1 1 

15 propylparaben 0,011 

The abo,a tagredient, » mixed, forming a saapansion. App.oxim.tely 2.0 mL of to 
. ^o. is admoaisterad, via injacaion, » a human subjao, wim a pramate** «~ Tto 
iZuoa site juxteposas ma rumor. Thia dosaga is rapatfeu dai.y, for J— ' 3 ° 
d^ys. After 30 days, symptoms of ma diaeaae subside, and doeage . gmduauy deore*«d te 
20 maintain the patient 

Rxam ple H 

A mouthwash composition is prepared: 

_ . %w/v 

Component x — 

The compound of Example 41 3 - 00 

« SDA 40 Alcohol 8 00 

« 0.08 
Flavor 

— t « 0.08 
Emulsifier 

Sodium Fluoride 0 * 05 

10.00 

Glycerin 

o 0.02 
3Q Sweetener 

Benzoic acid 0.05 

Sodium hydroxide °' 20 

0.04 

Dye 
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Water balance to 1 00% 

A patient with gum disease uses 1 mL of the mouthwash thrice daily to prevent further 
oral degeneration. 

Example I 

5 A lozenge composition is prepared: 

Component %w/v 

The compound of Example 20 0.01 

Sorbitol 17.50 

Mannitol 17.50 

10 Starch 13.60 

Sweetener 1.20 

Flavor 11.70 

Color 0.10 

Corn Syrupi balance to 100% 

15 A patient uses the lozenge to prevent loosening of an implant in the maxilla. 

Example J 
Chewing Gum Composition 

Component w/v% 

The compound of Example 6 0.03 

20 Sorbitol crystals 38.44 

Paloja-T gum base 20.00 

Sorbitol (70% aqueous solution) 22.00 

Mannitol 10.00 

Glycerine 7.56 

25 Flavor 1.00 

A patient chews the gum to prevent loosening of dentures. 

Example K 

Components w/v% 

Compound of Example 67 4.0 

30 USP Water 50.656 

Methylparaben 0.05 

Propylparaben 0.01 
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0.12 
0.09 
12.38 

I. 27 
15.0 

II. 0 
5.0 
0.2 
0.15 
0.00888 
0.0645 
0.0014 



Xanthan Gum 
Guar Gum 
Calcium carbonate 
Antifoam 
5 Sucrose 

Sorbitol 

Glycerin 

Benzyl Alcohol 

Citric Acid 
10 Coolant 

Flavor 

Colorant 

«. cordon b prepaid by **< mixing 80 kg of glycerin and nil of .ho benzyl 
dcobol and hiring ,o 65-C, then siowiy adding - mixing 7"**^ 
,5 p^pylparaben, water, xanthan gum. and guar gum. Mix drese mgredten* for ahou 12 mtnuKs 
Z a SOvIn in-Une .uxor. Thou s,ow ly add in mo following ingredient. . the « 
^ remmning glye.ru, riH -*» C. eafcium eerbona* oitrio acrd. and ■»» 
Sep^ety combine flavor* and plants and men S low,y add * <bo othec ntgredmrfa. Mtx for 
.bout 40 minute*. The patient ptas the formulation to prevent flare up of conns. 

TfranroleL 

An obese human female subject, who is detennined to be prone to osteoarthritis, is 
Mistered the capsule described in Example B to prevent the symptoms of osteoarthntis. 
Specifically, a capsule is administered daily to the subject 

The patient is examined via x-ray, arthroscopy and/or MRI, and found to have no 
25 significant advancement of erosion/fibrillation of the articular cartilage, 

Rxam ple M 

A human male subject weighing 90 kg (198 lbs.), who suffers a sports injury, is 
adnunistered the capsule described in Example B to prevent the symptoms of osteoarthnhs. 
Specifically, a capsule is administered daily to the subject. 

The patient is examined via x-ray, arthroscopy and/or MRI, and found to have no 
significant advancement of erosion/fibrillation of the articular cartilage. 

All references described herein are hereby incorporated by reference. 
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While particular embodiments of the subject invention have been described, it will be 
obvious to those skilled in the art that various changes and modifications of the subject invention 
can be made without departing from the spirit and scope of the invention. It is intended to cover, 
in the appended claims, all such modifications that are within the scope of this invention. 
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What is claimed is: 

1 . A compound having a structure according to Formula (I) : 



O „ 2 H ^ 
ii 



A ^(CH 2 ) n 
T 

X' E (D 



characterized in mat: 

(A) R 1 is selected from -OH and -NHOH; 

B R> is selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, 

cycloalkylalkyUheterocycloalkylalkyUatyl^ 
(C) A is a substituted or unsubstituted, monocyclic heterocycloalkyl havmg from 3 to 
( lg atoms of which 1 to 3 are heteroatoms; or A can he connected to R where 
together, they form a substituted or unsubstituted, monocyclic heterocycloalkyl 
having from 3 to 8 ring atoms of which 1 to 3 are heteroatoms; 

m) n is from 0 to 4; „ /-v=rY.O- 

0» E is sefccfcd f™ > --.en. W, C-C4 « -<*«h 

-C(=0)N(R'K -S02- and -CC-SJWV, i*» * 60m hydrogen, aft* 

alkeny.. aBcynyl. haemafcyl, baioa^l, cyc^M, haloalkyl, aryl, 
arylalkyl,heteroarylandheteroarylalkyl; 

, ■( f1 ^lirenvl alkvnvl heteroalkyl, haloalkyl, aryl, 

(F) X is selected from hydrogen, alkyl, alkenyl, alkynyi, n , 

arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, heterocyc oalkyl, -C(-C)R - 
C(=0)OR\ -C(=0)NRV and -S0 2 R\ where R< and R are mdependently 
selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, cycloalkyl^ 
beterocycloalkyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl; or X and R jom te 
form a substituted or unsubstituted, monocyclic heterocycloalkyl havmg from 3 to 

ring atoms of which 1 to 3 are heteroatoms; 

„ rt XT/T( 5x r/Tf 5 V=C(Tl s V -N=C(R 5 )- and -N=N-, where 

(G) G is selected from -S-, -O-, -N(R )-, -C(R fV R > ' *™ * 

and R* each is independently selected from hydrogen, alkyl, alkenyl, alkynyl, 
heteroalkyl, aryl, heteroaryl, cycloalkyl and heterocycloalkyl; and 

(H) Z is selected from: 

(1) cycloalkyl and heterocycloalkyl; 

(2) -L-(CR 6 R%R 7 where: 
(a) a is from 0 to 4; 
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(b) L is selected from -CH=CH-, -N=N-, -O-, -S- and -SO2-; 

(c) each R 6 and R 6 ' is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; and 

(d) R 7 is selected from hydrogen, aryl, heteroaryl, alkyl, alkenyl, alkynyl, 
heteroalkyl, haloalkyl, heterocycloalkyl and cycloalkyl; and, if L is - 
C^C- or -CH=CH-, then R 7 may also be selected from -C(=0)NR 8 R 8 ' 
where (i) R 8 and R 8 ' are independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, haloalkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, or (ii) R 8 and R 8 *, together with the nitrogen atom to 
which they are bonded, join to form an optionally substituted 
heterocyclic ring containing from 5 to 8 ring atoms of which from 1 to 
3 are heteroatoms; 

(3) -NRV where: 

(a) R 9 and R 9 ' each is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, 
heteroalkyl and -C(=O)-Q-(CR ,0 R 10 ')z ? R 11 where: 

(i) b is from 0 to 4; 

(ii) Q is selected from a covalent bond and -N(R 12 )-; and 

(iii) each R 10 and R 10 * is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; R 11 
and R 12 (i) each is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, 
cycloalkyl and heterocycloalkyl, or (ii) together with the atoms to 
which they are bonded, they join to form an optionally 
substituted heterocyclic ring containing from 5 to 8 ring atoms of 
which from 1 to 3 are heteroatoms; or R 9 and R 12 , together with 
the nitrogen atoms to which they are bonded, join to form an 
optionally substituted heterocyclic ring containing from 5 to 8 
ring atoms of which from 2 to 3 are heteroatoms; or 

(b) R 9 and R 9 *, together with the nitrogen atom to which they are bonded, 
join to form an optionally substituted heterocyclic ring containing from 
5 to 8 ring atoms of which from 1 to 3 are heteroatoms; and 
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(4) \^L^(CR 13 R 13 ')c-A'-G' )Where: 

fa) E' and M are independently selected from -CH- and -N-; 
0„ L' is selected from -S-, -O-, -N(R'V, ^W'K 
-N=C(R M > and -N=N-, where R M and R M each is independently 
selected from hydrogen, alkyl, alkenyl, alkynyl heteroalkyl, aryl 
heteroaryl cycloalkyl and heterocycloalkyl; 

(c) c is from 0 to 4; 

(d) each R 13 and R 13 is independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, 
heterocycloalkyl, halogen, haloalkyl, hydroxy and alkoxy; 

(e) A' is selected from a covalent bond, -O-, -SCV, -C(-0)-, 
-C(=0)N(R 15 )-, -N(R 15 )- and -N(R 15 )C(=0>; where d is from 0 to 2 
and R 15 is selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl and 
haloalkyl; and 

(f) G' is -(CR ,6 R ,6 )e-R 17 where e is from 0 to 4; each R 16 and R is 
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, 
heteroalkyl, heteroaryl, cycloalkyl heterocycloalkyl, halogen, 
haloalkyl. hydroxy, alkoxy and aryloxy; and R 17 is selected from 
hydrogen, alkyl, alkenyl, alkynyl halogen, heteroalkyl haloalkyl, aryl, 
heteroaryl cycloalkyl and heterocycloalkyl; or R 16 and R 17 , together 
with the atoms to which they are bonded, join to form an optionally 
substituted heterocyclic ring containing from 5 to 8 atoms of which 1 to 
3 are heteroatoms; or R 13 and R 17 , together with the atoms to which 
they are bonded, join to form an optionally substituted heterocyclic ring 
containing from 5 to 8 atoms of which 1 to 3 are heteroatoms; 

or an optical isomer, diastereomer or enantiomer for Formula (I), or a phatmaceutically- 
acceptable salt, or biohydrolyzable amide, ester, or imide thereof. 

2 A compound according to Claim 1 characterized in that A and R 2 do not join to form ring 
and where A is a substituted or unsubstituted, monocyclic heterocycloalkyl having from 3 to 8 
ring atoms and 1 to 3 ring heteroatoms. 
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3. A compound according to Claim 1 characterized in that A and R 2 together form a 
substituted or unsubstituted, monocyclic heterocycloalkyl having from 3 to 8 ring atoms and 1 to 
3 ring heteroatoms. 

4. A compound according to Claims 1, 2 or 3 characterized in that X is selected from 
hydrogen, alkyl, heteroalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl and 
heterocycloalkyl. 

5. A compound according to Claims 1, 2 or 3 characterized in that X and R 3 join to form a 
substituted or unsubstituted, monocyclic heterocycloalkyl having from 3 to 8 ring atoms of which 
1 to 3 are heteroatoms. 

6. A compound according to any of the preceding claims characterized in that G is selected 
from -S- and -CH=CH-. 

7. A compound according to any of the preceding claims characterized in that Z is selected 

E*— M 

from -L.(CR 6 R^RVNR^; and ^L^(CR 18 R 13 W-Q\ 

8. A compound according to any of the preceding claims characterized in that E is selected 
from a covalent bond, C1-C3 alkyl, -C(=0)-, ~C(=0)0, -C(=0)N(R 3 )- and -S0 2 -. 

9. A compound according to any of the preceding claims characterized in that R 2 is selected 
from hydrogen and alkyl. 

10. A compound according to any of the preceding claims characterized in that n is 0 or 1. 

11. A pharmaceutical composition comprising; 

(a) a safe and effective amount of a compound according to any of the preceding 
claims; and 

(b) a pharmaceuticaily-acceptable carrier. 
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12 The use of a compound according to any of the preceeding claims on the manufacture of a 
medicament for treating a disease associated with unwanted metalloprotease activity m a 
mammalian subject. 

13. The use according to Claim 12, characterized in that the disorder is arthritis, and is chosen 
from the group consisting of osteoarthritis and rheumatoid arthritis. 

14. The use according to Claim 12, characterized in that the disorder is cancer, and the 
treatment prevents or arrests tumor growth and metastasis. 
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